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Abstract 
 
Humpback whales (Megaptera novaeangliae) undertake one of the longest migrations of any 
mammal. Despite the extent of these journeys and the large proportion of time whales spend 
migrating, relatively little is known about how these animals behave during this time. Whales may 
encounter anthropogenic disturbances during migration, particularly if their route overlaps with 
populated coastal areas, and the effect of these disturbances on the behaviour of whales has become 
the focus of many studies. However, to distinguish between responses to a disturbance and naturally 
occurring factors, a clear understanding of the natural behaviour of these animals is required. 
Therefore, the overall aim of this study was to determine which social and environmental factors 
influence the fine-scale behaviour of humpback whales while on migration. Data were collected 
during the southward migration in September and October of 2010 and 2011 off Peregian Beach on 
the east coast of Australia. Over 202 hours of behavioural data from 94 groups of whales were 
collected using a focal sampling methodology. Simultaneously, social and environmental context 
data on these groups were collected; including information on group composition, nearest other 
whale groups, weather conditions, water depth, and recordings of the animals’ acoustic 
environment. Prior to analyses of these data, an independent study was carried out to determine the 
reliability with which observers collected behavioural data. The results of this study were used to 
modify the details of the ethogram and combine the behavioural events into more readily 
identifiable categories. 
 
The behaviour of humpback whales on migration can broadly be divided into two categories; 
(1) surface-activity and (2) diving and movement. Humpback whales are one of the most 
surface-active of the baleen whales and preform a wide variety of aerial behaviours which are 
thought to play a role in communication. Energetic behaviours such as breaches, pectoral and fluke 
slapping are regularly observed on migration, and in this study were found to be highly influenced 
by the social context in which they occurred. These results were used to infer the potential functions 
of surface-active behaviours and indicate that both pectoral and fluke slapping may be used for 
close-range and within-group communication, while breaching is more likely used for 
communication between distant groups of whales. Unlike surface-active behaviours, environmental 
factors, specifically water depth and wind speed, were the most important in predicting the diving 
and movement behaviour of humpback whales. In deeper waters, the length of dives increased, and 
in windier weather conditions, swimming speeds decreased.  
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Behavioural states are often used to describe the behaviour of marine mammals. They have the 
advantage of combining multiple response variables and may be a more biologically meaningful 
measure if examining the population level effects of disturbance. In the humpback whale literature, 
the definitions of behavioural states varies both in detail and content. This may result in the 
introduction of error into the data if subjective definitions are interpreted differently by observers. 
Therefore, the detailed behavioural event and movement data collected here were used to 
objectively identify the behavioural states of humpback whales and the activities that occur during 
their southward migration. Based on the results, four states were proposed: social, resting/milling, 
travel, fast travel. Groups were found to spend different proportions of their time in certain states 
depending on whether or not they contained multiple calves or adults. 
 
The results of this study provide detailed baseline data on the behaviour of east Australian 
humpback whales on migration and highlight the complexity of this behaviour. In addition, the need 
for studies examining the effect of disturbances to include data on the social and environmental 
context of animals in their analysis is emphasised. If social and environmental context data are 
omitted from these studies, observed changes in behaviour could be incorrectly attributed to a 
disturbance. Further, the use of an objective methodology to identify behavioural states will reduce 
the issues associated with subjectively defined states and allow studies to examine whether animals 
are more or less susceptible to anthropogenic disturbance depending on their activities. Future 
research should focus on determining how individual whales use surface-active behaviours and how 
other factors, such as the presence of vessels and the sex and age class of animals, influence whale 
behaviour in different contexts. These data will further contribute to our understanding of the 
natural factors that influence the behaviour of humpback whales while migrating. It will also 
provide valuable information to future studies about the social and environmental factors to 
consider when examining the effects of anthropogenic disturbance on specific aspects of whale 
behaviour. 
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1.1 Thesis overview and aims 
 
This thesis investigates the natural behaviour of humpback whales (Megaptera novaeangliae) during 
migration. Humpback whales undertake extensive annual migrations between low latitude breeding 
grounds and high latitude feeding grounds (Chittleborough 1965). Despite the extent of these journeys 
relatively little is known about their fine-scale behaviour during these periods, likely due to the 
inherent difficulties in studying marine mammals in the wild. Specifically, information on the 
naturally occurring factors that may influence the behaviour of whales during migration is lacking. 
Investigating the behaviour of humpback whales during this time is crucial to increase our 
understanding of their natural behaviour and to protect them during these prolonged journeys. During 
their migrations whales may be exposed to anthropogenic disturbances and the effects of these 
disturbances have become the focus of many studies. However, baseline data on natural behaviour 
are needed to more accurately determine the effects of anthropogenic disturbances on humpback 
whales.  
 
The overall objective of this thesis was to increase our understanding of the natural behaviour of 
humpback whales during migration. Specifically four aims were addressed:  
1. To examine the validity and reliability of the behavioural event data collected by observers 
and identify any sources of error. 
2. To determine the naturally occurring social and environmental factors that influence the 
fine-scale behaviour of humpback whales. 
3. To investigate the potential functions of the surface-active behaviours of humpback whales. 
4. To objectively identifying the behavioural states of migrating humpback whales. 
 
This chapter begins by introducing the topic of anthropogenic disturbance, its effects on marine 
mammals and the role of baseline data in putting these effects into biological context. The study 
species is then introduced providing information on life history, population biology, the behaviour 
and communication of these animals, as well as how whale behaviour is measured and the specific 
difficulties associated with studying marine mammals. Due to the challenges of working in the marine 
environment specific consideration is given to choosing the methods with which to collect data. 
Therefore, the methodologies available for measuring the behaviour of marine mammals are 
presented in detail along with those for examining the validity and reliability of the data collected.  
Finally a thesis outline is provided that includes the structure and content of the subsequent chapters.  
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1.2 Anthropogenic disturbance 
 
1.2.1 The effects of anthropogenic disturbance on marine mammals’ behaviour 
 
Disturbance in the marine environment can come from many anthropogenic sources including whale 
watching vessels, commercial sonar and seismic operations, fisheries practices, and marine 
construction. This disturbance can be acoustic and/or physical in nature, for example, increasing 
levels of underwater noise and the movement of vessels through the habitat or across the migratory 
path of an animal. As a result these disturbances may have varying impacts including displacement 
of marine mammals from important habitats, deviation from traditional migratory routes, masking of 
communications, and behavioural changes that may increase energy expenditure (Nowacek et al. 
2007). For these reasons, the effects of anthropogenic disturbance on the behaviour and 
communication of marine mammals is of particular concern and a focus of many studies motivated 
by conservation. 
 
The behavioural effects of disturbance can vary greatly and include the interruption or cessation of 
important activities such as feeding, subtle changes in behaviour that could have energetic 
consequences, stranding, stress, and abandonment of valuable habitat (Weilgart 2007, Wright et al. 
2007, Miller et al. 2009, Stamation et al. 2010, Brandt et al. 2011). In Hawaii, acoustic thermometry 
of ocean climate (ATOC) signals were found to alter the diving behaviour and general distribution of 
humpback whales (Frankel and Clark 2000, 2002). Marine mammals have demonstrated an increase 
in swim speeds, dive times and avoidance behaviours in response to whale-watching vessels 
(Corkeron 1995, Scheidat et al. 2004, Stamation et al. 2010). Avoidance reactions were also recorded 
in response to marine seismic surveys, with resting humpback whales shown to be more sensitive to 
these sounds than migrating whales (McCauley et al. 2000). Sperm whales (Physeter macrocephalus) 
in the Gulf of Mexico, conversely, did not display evasive behaviours in response to air-guns, 
however, more subtle effects on their foraging behaviour were recorded (Miller et al. 2009). 
Responses to disturbance can be more severe in some animals and result in displacement from 
potentially important habitat. In the Danish North Sea, harbour porpoises (Phocoena phocoena) were 
displaced from the waters up to 17 km from the construction site of a wind farm by the noise generated 
during pile-driving (Brandt et al. 2011). The responses of marine mammals to anthropogenic 
disturbance may appear mild or short-term and generally vary depending on the species and 
disturbance in question. However, these reactions may have more severe consequences if a 
disturbance is repeated over time and results in an increase in energy expenditure or a decrease in 
energy intake for the animal. 
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Many studies have reported the behavioural effects of an anthropogenic disturbance, however 
correctly identifying a response may be challenging when studying animals in their natural 
environment. In the wild, the behaviour of animals may be simultaneously influenced by many 
naturally occurring social and environmental factors. For example, the swimming speeds of female 
humpback whales on breeding grounds increased when they were accompanied by multiple males 
(Craig et al. 2014), while the vocalisations of blue whales (Balaenoptera musculus) differed 
depending on the social context of the animal (Oleson et al. 2007). Environmental factors also 
influence the behaviour of cetaceans. Humpback whales gradually switch from vocal to 
surface-generated communication as wind speed increases (Dunlop et al. 2010) and their distribution 
around headlands is affected by current direction (Chenoweth et al. 2011). The behaviour of 
bottlenose dolphins (Tursiops truncatus) has been shown to display a diurnal pattern (Bräger 1993) 
and the occurrence of their foraging has been linked to tidal state at sites in Wales (Gregory and 
Rowden 2001). As multiple natural factors may influence the behaviour of wild cetaceans it is 
important to obtain baseline data on their natural behaviour prior to examining the effect of an 
anthropogenic disturbance. Influential factors need to be controlled for or taken into account during 
a study if observed changes in behaviour are to be correctly attributed to a disturbance. However, due 
to the difficulties associated with studying cetaceans in the wild these baseline information are not 
always available for all species. 
 
Aside from their social and environmental context, other factors may also play a role in determining 
the level and likelihood of a disturbance eliciting a response from an animal. These include whether 
an animal has previously been exposed to the disturbance, as well as their motivational state, and life 
history traits such as their age and sex (e.g. Lusseau 2003, Bejder et al. 2009). Previous exposure may 
result in sensitisation or habituation to the disturbance (Richardson 1995, Bejder et al. 2009). 
Sensitisation involves the intensification of an animal’s response during repeated exposures to a 
stimulus, whereas habituation is a process where an animal’s response is reduced (Bejder et al. 2009). 
Sensitisation may result in an increase in the likelihood of an avoidance reaction occurring 
(Constantine 2001) or a similar response being exhibited at a lower disturbance level (Bejder et al. 
2009). For example, Constantine (2001) found that bottlenose dolphins (Tursiops truncates) have 
become sensitised to the swim-with activities of tour vessels, with successful swim-with attempts 
decreasing and avoidance responses increasing over time (Constantine 2001). Conversely, 
Magellanic penguins (Spheniscus magellanicus) have been found to habituate to the presence of 
tourists showing decreased levels of defensive head turns and plasma corticosterone (Walker et al. 
2006). However, the exposure history of an animal may be further complicated if, as in the case of 
bottlenose dolphins, the sexes behave differently in response to a disturbance (Lusseau 2003). 
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Unfortunately, these factors may either be unknown, for example the exposure history of an 
individual, or difficult to determine, if the sex of an individual can only be determined from a biopsy 
sample. 
 
1.2.2 Humpback whales and anthropogenic disturbance 
 
Humpback whales are large marine mammals that undertake extensive annual migrations between 
feeding grounds and breeding grounds (Chittleborough 1965, Baker et al. 1986, Darling and Cerchio 
1993,  Mate et al. 1998, Acevedo et al. 2007, Lagerquist et al. 2008, Rasmussen et al. 2012). Many 
of these migratory pathways follow close to the highly populated coastlines of large continents such 
as Australia and North America. As a result, these animals may encounter anthropogenic disturbances 
during a large proportion of their migration, a period of time when relatively little is known about 
their fine-scale behaviour. In addition, globally humpback whales were targeted by commercial 
whalers and most populations have yet to recover from this exploitation (Baker and Clapham 2004). 
As a result of this, and their relatively slow reproductive cycle (Chittleborough 1958, Chittleborough 
1965), humpback whale populations may be particularly susceptible to disturbance from 
anthropogenic sources. However, as with many cetacean species, short-term responses to noise and 
disturbance have been the focus of many studies (Weilgart 2007). In addition, it is difficult for studies 
to take into account the simultaneous effect of natural factors on behaviour as baseline data on normal 
behaviour is not always available. Furthermore, how the impacts of short-term effects accumulate 
over the long-term is not well understood in any marine mammal. Scheidat et al. (2004) highlighted 
the fact that it is difficult to make a link between long-term population level effects, such as changes 
in abundance and distribution, and anthropogenic disturbance without adequate control studies. This 
emphasises the importance of carrying out fine-scale, systematic and replicable control studies of the 
natural or undisturbed behaviour of any marine mammal, including humpback whales, before the 
effects of disturbances are examined. 
 
1.2.3 The Behavioural Response of Australian Humpback whales to Seismic Surveys study 
(BRAHSS) 
 
BRAHSS is a collaborative study aimed at increasing our understanding of how migrating humpback 
whales respond to the noise generated by seismic surveys (Cato et al. 2013). Seismic surveys are 
carried out using a towed array of air guns which radiate pulses of sound downward into the sea floor. 
The reflections of these sounds are received by hydrophones, also towed by the seismic vessel, and 
are used by industry to map the structure of the sea floor during oil and gas exploration. The effect of 
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the noise generated by these airguns on marine mammals, particularly large whales, is of increasing 
concern (Cato et al. 2013) and has become the focus of studies including BRAHSS. BRAHSS consists 
of a series of experiments carried out over a five year period. These experiments examine the 
behaviour of migrating humpback whales along the east coast of Australia before, during and then 
after exposure to seismic airgun noise. As part of these experiments, two forms of control data were 
collected; data in which the seismic vessel was moving through the study area without the airguns 
firing, and unexposed controls where no seismic vessel was present in the study area. This thesis 
focuses on the latter set of control data and examines the natural behaviour of migrating humpback 
whales and investigates which social and environmental factors may influence the behaviour of these 
animals in order to put the results of the BRAHSS experiments into context. 
 
1.3 Humpback whales 
 
1.3.1 Humpback whale biology 
 
Humpback whales are part of the order Cetacea and sub-order Mysticeti, otherwise known as the 
baleen whales. They are a highly migratory species and have been known to cover distances 
exceeding 8000 kilometres, one of the longest documented migrations of any mammal (Stone et al. 
1990, Rasmussen et al. 2007). Humpback whales spend the summer months on feeding grounds at 
high-latitudes and migrate to low-latitude breeding and calving grounds in winter (Chittleborough 
1965, Clapham and Mead 1999). They have a cosmopolitan distribution and are found in all oceans 
of the world (Clapham and Mead 1999).  
 
Commercial whaling records have documented humpback whales reaching lengths of over 15 meters, 
with mean lengths of 13.0 to 13.9 meters for males and females respectively (Chittleborough 1965). 
Although adult females can be up to a meter longer than males (Chittleborough 1965, Clapham 1996), 
with one exception, there are no easily distinguishable sexually dimorphic features between the sexes 
(Glockner 1983). Females possess a hemispherical lobe at the posterior end of their genital slit which 
can be used to differentiate between the sexes during close encounters (Glockner 1983). The majority 
of humpback whales reach sexual maturity between 4 and 5 years of age (Chittleborough 1965, 
Clapham 1992) and, in general, females give birth to a single calf at two year intervals (Baker et al. 
1987, Clapham 1996). Gestation lasts 11 months and lactation continues for further 11 months after 
parturition (Chittleborough 1958, 1965). The uniparous nature of their reproduction is likely due to 
the high energetic demands of their extended lactation period (Clapham 1996), particularly during 
migration when the female is fasting (Brown and Corkeron 1995). 
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1.3.2 Southern hemisphere humpback whales and the east Australian population 
 
In the southern hemisphere, humpback whales migrate between feeding grounds in the waters 
surrounding the Antarctic and breeding grounds in tropical waters in the Pacific, Southern Atlantic 
and Indian Oceans (Chittleborough 1965). These populations are further divided into stocks on the 
basis of their aggregation in Antarctic feeding grounds (Paterson and Paterson 1984). The migration 
path of east Australian humpback whales takes them from Antarctic waters past the coast of southern 
Queensland in June and July, on the northward migration, and in September and October, on the 
southward migration (Paterson 1991, 1985). Breeding grounds are believed to be located in the waters 
of the Great Barrier Reef in Northern Queensland where the whales spend the winter months, June to 
October (Simmons and Marsh 1986, Smith et al. 2012). More recent studies have tracked humpback 
whales travelling from breeding grounds on the northeast coast of Australia and Eden on the New 
South Wales coast to feeding grounds in Antarctic waters (Rock et al. 2006, Gales et al. 2009). 
 
The east Australian population of humpback whales was reduced to a fraction of its pre-whaling 
levels by commercial whaling, with numbers dwindling to less than 1000 individuals by 1962 
(Chittleborough 1965). In 1963 the International Whaling Commission (IWC) imposed a ban on 
whaling and subsequently there has been a marked increase in the numbers of this population. By 
1992, 30 years after whaling was banned, the numbers of humpback whales that migrate along the 
east coast of Australia were estimated to have increased to 1900 ± 250 individuals (Paterson et al. 
1994). A 2010 estimate had numbers increasing by 10.9% annually to 14,522 (95% CI 12, 777-16, 
504) individuals (Noad et al. 2010). Currently humpback whales migrating along the east Australian 
coast are protected by both national and international laws. In Australia they are a protected species 
under the Queensland Nature Conservation (Wildlife) Regulation 1994 and the Commonwealth 
legislation, Environment Protection and Biodiversity Conversation Act 1999 (Vang 2002). 
Humpback whales have been protected worldwide since the 1963 IWC ban on commercial whaling 
and are listed under CITES (the Convention on International Trade in Endangered Species) 
Appendix I.  
 
1.3.3 Social organisation and associations 
 
The social organisation of humpback whales is defined by relatively small group sizes with individual 
associations that change routinely (Clapham 1996). With the exception of mothers and their calves, 
few stable associations between humpback whales have been reported and in general these 
associations last only hours (Whitehead 1983, Tyack 1986). Stable associations have however been 
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described between non-lactating females occurring over multiple summer feeding seasons in the Gulf 
of St. Lawrence (Ramp et al. 2010) and between feeding whales in the Southern Gulf of Maine 
(Weinrich 1991). In addition, short-term associations between larger aggregations of whales are 
found in cooperative feeding groups (Johnson and Wolman 1984, Clapham 1996) in which group 
sizes are related to the horizontal size of the prey school (Whitehead 1983). Larger groups of whales 
have also been recorded associating in non-feeding aggregations, referred to as ‘competitive groups’, 
in which males are believed to be involved in intra-sexual competition for access to females (Tyack 
1981a, Tyack and Whitehead 1983, Baker and Herman 1984, Clapham 1992, Weinrich 1995). These 
groups are commonly seen on breeding grounds but have also been recorded during humpback whale 
southward migrations (Brown and Corkeron 1995). 
 
Competitive groups consist of a nuclear animal, presumed to be a female, who may or may not be 
accompanied by a calf, and two or more ‘escorting’ males (Tyack and Whitehead 1983, Clapham et 
al. 1992). One of the escorts will occupy a primary escort position closest to the female and will 
attempt to prevent access by other males to the nuclear animal (Tyack and Whitehead 1983, Clapham 
et al. 1992, Garrigue and Gill 1994). Such associations are relatively short lived (Clapham et al. 1992) 
and are characterised by displays of aggressive behaviour such as head lunges, charges, physical 
strikes and underwater exhalations (Baker and Herman 1984). In fact, aggression can be so intense 
that the death of a whale in a competitive group has been reported (Pack et al. 1998). Associations 
with these competitive groups appear to energetically costly to mothers and calves (Cartwright and 
Sullivan 2009) and females have been reported aggressively repelling such advances (Clapham et al. 
1992).  
 
1.3.4 Humpback whale behaviour during migration 
 
In general, migration is believed to be an adaptation that allows an animal to take advantage of 
seasonal peaks in resources (Alerstam et al. 2003). Corkeron and Connor (1999) hypothesised that in 
mysticetes migration to warmer waters optimises the energy budgets of whales when prey are scarce 
on feeding grounds. Humpback whale migratory pathways are well documented, and to date, work 
has been carried out on the compositions of groups and the order in which the whales migrate on both 
their northward and southward migrations, with whales’ ages and reproductive classes playing a role 
in the timing of their migration (Chittleborough 1965). Southern hemisphere whaling data showed 
that females accompanied by yearling calves are the first to migrate north, followed by mature males, 
resting females and finally pregnant females (Dawbin 1997). On the return southerly migration 
females accompanied by new born calves are the last to leave breeding areas (Dawbin 1997). Off the 
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east Australian coast, groups migrating southwards were found to be significantly larger than groups 
migrating northwards in the same years and tended to display behaviours similar to those recorded 
on breeding grounds (Brown and Corkeron 1995). A number of studies have documented distribution 
and movements, migratory stopovers, and the occurrence of competitive groups for humpback whales 
during migration (Whitehead and Moore 1982, Stone et al. 1987, Corkeron et al. 1994, Brown and 
Corkeron 1995). However, with these few exceptions, little fine-scale behavioural research has been 
carried out during these journeys. The surfacing rates of calves and adults and between feeding and 
migrating/breeding areas differ (Lagerquist et al. 2008) and the mean travel speeds of migrating 
whales off Socorro Island in Mexico and those migrating past the east coast of Australia have been 
calculated to be approximately 4 km/h (Noad and Cato 2007, Lagerquist et al. 2008). Other fine-scale 
humpback whale behavioural studies have been carried out during their migration, specifically off 
the southeast and east coasts of Australia. However, these studies have focused on the responses of 
whales to disturbance and not on the variability of their natural behaviour. 
 
1.3.5 Humpback whale communication: song 
 
Humpback whales are vocal animals and produce a wide variety of sounds. Their song is produced 
only by males (Winn and Winn 1978) and is comprised of individual sounds that are sung in specific 
sequences and orders and combined to produce a song (Payne and McVay 1971, Winn and Winn 
1978, Mercado III et al. 2003). At any given time the song sung by male humpback whales in a 
breeding population is almost identical from one whale to the next (Payne and Payne 1985). In 
addition, this song is progressively modified over time with all the males making the same changes 
to their songs at about the same time to maintain song concurrent matching (Mercado III et al. 2005). 
In the southern hemisphere these modifications have been shown to move eastwards from east 
Australia through different populations of whales in the Pacific Ocean (Garland et al. 2011). In 
contrast to these gradual changes in song more commonly observed, an extreme example or ‘cultural 
revolution’ in the form of a radical song change over a relatively short period of time was recorded 
by Noad et al. (2000). In this case, the song of humpback whales off the east coast of Australia was 
replaced completely by the song of west coast of Australia within two years, a relatively short period 
of time.  
 
Humpback whale song is believed to play an important role in reproduction, although its exact 
function is unclear (Tyack 1981b). A number of hypotheses for the function of song have been 
proposed, including its use as a male-male spacing mechanism (Darling et al. 1983), for 
synchronisation of oestrus in females (Baker and Herman 1984), as a form of reproductive display 
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(Winn and Winn 1978, Tyack 1981b), and as an indicator of fitness in singers (Chu and Harcourt 
1986, Chu 1988).  It has also been proposed that song serves as a signal of status between males 
involved in dominance sorting (Darling and Bérubé 2001) and that it functions in cooperative 
behaviour between these males (Darling et al. 2006). More recently, it has been suggested that song 
is involved in the intersexual interactions of humpback whales, with males joining groups already 
containing singing whales not engaging in male social ordering, but in prospecting for females (Smith 
et al. 2008). 
 
1.3.6 Humpback whale communication: social sounds 
 
Song is not the only sound produced by humpback whales. These animals also produce sequences of 
non-song acoustic communication signals termed ‘social sounds’ (Payne 1978, Tyack 1983). Unlike 
song, social sounds are not part of a continuous, patterned signal, but consist of an unpatterned, short 
series of sounds, either produced vocally or as a result of behaviours such as breaching and pectoral 
or fluke slapping (Dunlop et al. 2007, 2008). These sounds are produced during all life stages and 
have been recorded in numerous social contexts (Silber 1986, Zoidis and Green 2001, Dunlop et al. 
2007, 2008, Zoidis et al. 2008).  
 
Social sounds have been recorded during humpback whale migration (Dunlop et al. 2007, Noad 
2002), and at breeding and feeding grounds (D’Vincent and Nilson 1985, Silber 1986, Thompson et 
al. 1986, Cerchio and Dalheim 2001). On breeding grounds these sounds have been associated mainly 
with competitive groups in which males are competing for access to females (Brown and Corkeron 
1995). In Hawaiian waters, Silber (1986) suggested that social sounds demonstrate aggression in male 
humpbacks as they compete for social dominance within these competitive groups. In contrast, other 
studies have shown that social sounds, specifically those produced vocally, were not limited to 
competitive interactions (Zoidis and Green 2001, Dunlop et al. 2007, 2008). They recorded these 
sounds in various social contexts and in behavioural states including resting, milling, travelling and 
during surface activity (Zoidis and Green 2001). Dunlop et al. (2007, 2008) also found that social 
sounds were not confined to competitive groups but were recorded in all social groups. The use of 
some of these sounds was linked with intra and inter group communication and with social 
interactions such as the joining of groups of whales (Dunlop et al. 2007, 2008). These social sounds 
are not only used in different social contexts but also appear to elicit different reactions in other 
whales. Singing whales on breeding grounds were found to stop singing when exposed to recordings 
of social sounds from competitive groups of whales (Tyack 1983) and both charging and avoidance 
behaviours from groups of differing compositions were observed (Tyack 1983, Mobley Jr. et al. 
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1988). On migration, whales changed their course of travel in response to playback of social sounds 
by moving either away from or toward the sound source (Dunlop et al. 2013). As social sounds have 
been documented in many different social groups and contexts and appear to elicit different 
behavioural responses from whales, understanding the function of these sounds is an important area 
of research.  
 
The social sound repertoire of east Australian humpbacks, the population of focus in this study, has 
been well documented and some work has been carried out on the possible functions of these social 
sounds (Dunlop et al. 2007, 2008, Rekdahl 2012). A number of possible functions have been proposed 
for social sounds generated by surface-active behaviours specifically. It has been suggested that 
breaching may play a role in acoustic communication due to the noise made as a result of the splash 
on the surface of the water (Herman and Tevolga 1980, Norris and Møhl 1983, Clark 1990). 
Whitehead (1985) suggested that a breach may act as a “physical exclamation mark” to accentuate 
other communication signals. Other studies have suggested that slapping behaviour may function to 
solicit competition in competitive groups or as an aggressive signal between males (Silber 1986, 
Thompson et al. 1986, Clapham 2000, Deakos 2002) or to signal between and within groups (Dunlop 
et al. 2008). These studies provide a good basis from which further examination of the contextual use 
of these surface-active behaviours, in relation to social interactions between groups of differing 
compositions, can be carried out. Work on the influence of ambient noise levels on the 
communication behaviour of these whales found that humpback whales switch from primarily vocal 
to primarily surface-generated communication in increasing wind speeds and background noise levels 
(Dunlop et al. 2010). Examination of the influence of other environmental and social factors on the 
use of social sounds, specifically those produced as a result of the different surface-active behaviours, 
for social communication by humpback whales is an important area for future research and one of the 
focuses of this PhD. This information will help to determine the potential functions of social sounds, 
specifically those generated as a result of surface-active behaviours, as part of the communication 
repertoire of humpback whales.  
 
1.3.7 Measuring humpback whale behaviour 
 
Humpback whale behaviour is generally measured either by direct observation or by animal-borne 
sensors, usually in the form of ‘tags’ attached to the animal for either long or short periods of time. 
Currently, many direct observation studies are conducted using focal sampling which involves 
observing a whale or group of whales for a specified amount of time and recording all instances of 
their behaviour (Altmann 1974, Martin and Bateson 2010). Cartwright and Sullivan (2009) used this 
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method to examine the behavioural changes of female/calf groups associating with differing numbers 
of males on the Hawaiian breeding grounds. Similarly, the responses of humpback whales to 
whale-watching boats in Ecuador have been determined using focal sampling from a land-based 
observation point (Scheidat et al. 2004). Unlike focal sampling, remote sensors can provide insight 
into both the movements of animals and their underwater behaviour, depending on the type of tag 
used. Humpback whales satellite tagged in Mexico were tracked for up to 149 days and over 
10,000 km to investigate their migratory routes and the locations of their feeding grounds (Lagerquist 
et al. 2008). Satellite tags have also been used to obtain information on fine-scale behaviour including 
the travel speeds and surfacing rates of migrating blue whales and humpback whales (Mate et al. 
1999, Zerbini et al. 2006). While detailed information can be collected during direct observations of 
animals, remote sensors provide information on aspects of behaviour during periods when they are 
not within visual range of an observer. However, tagging whales requires that they be approached by 
a vessel and therefore some disturbance to their normal behaviour will likely occur. If a land-based 
location is used for direct observations data can be collected with no disturbance to the animals. 
Therefore the choice of appropriate methods to use will depend on the information required for the 
study and the availability of research vessels or a suitable land-based location for observations.   
 
The behaviour of marine mammals has been described using a wide variety of variables which can 
be divided into two main areas: behavioural events, which are short in duration and are usually 
measured in frequency, and behavioural states, which occur over longer periods and whose duration 
is measured (Altmann 1974, Mann 1999). In humpback whale research, collection of data on 
behavioural events includes measurements of blow rates and the occurrence of individual behaviours 
such as breaches and fluke slaps (e.g. Whitehead 1985, Corkeron 1995). On the other hand, 
behavioural states measure behaviour that occurs over more prolonged periods, such as the 
occurrence of foraging and resting periods (e.g. Clapham and Mattila 1993, Blane and Jaakson 1994, 
Brown et al. 1994, Baird and Dill 1995, Constantine et al. 2004, Morete et al. 2007, Lunardi et al. 
2008, Cantor et al. 2010, Panova et al. 2012). This may require information on the occurrence of 
behavioural events, information on the swimming speeds, course of travel, and the duration of dives 
and surfacing intervals. Behavioural events and states are used by studies to examine the general 
behaviour of humpback whales as well as by those concerned with understanding the effects of an 
anthropogenic disturbance. As with data collection methodologies, whether behavioural event or 
states are recorded will depend on the level of detail required from the data and the research questions 
being posed. 
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1.3.8 Difficulties in measuring whale behaviour 
 
An organised and well thought out methodology is fundamental to the successful measurement of 
animal behaviour. However, no matter how well prepared a methodology is, in reality measuring the 
behaviour of wild animals is a difficult task. Animals under observation may disappear from view or 
leave the study area completely, potentially rendering a sampling period unusable (Martin and 
Bateson 2010). Under certain conditions individuals may be more or less visible to the researcher and 
weather conditions may make observations difficult or impractical. These issues are particularly 
problematic in marine research where animals can spend prolonged periods of time submerged and 
out of sight of observers and where incremental weather conditions at sea may make observations 
impossible. For example, North Atlantic right whales (Eubalaena glacialis) have been found to spend 
up to 66% of their time underwater (Kenney et al. 1986), while bottlenose dolphins in Florida spend 
up to 87% of their time submerged (Mate et al. 1995). In the marine environment, another concern 
when studying wild animals is the effect of the researcher on the study animal itself. With terrestrial 
research this effect can be minimised by the use of hides to conceal the presence of an observer 
(Martin and Bateson 2010). However, with marine mammals, most studies involve tracking animals 
from small vessels that are not readily concealable. In these cases, unless observations can be carried 
out from land, which is not often possible due to the mobile nature of many species and their distance 
offshore, the effect of the presence of the vessel must be taken into account when examining 
behaviour. The need to consider this and the effect of other factors such as the weather on the 
behaviour of a study animal makes undertaking research in the marine environment challenging. 
 
While observing marine mammals in the wild can be difficult, observing those who undertake 
extensive migrations, such as humpback whales, may be even more problematic. As a result, with the 
exception of behaviour at migratory stopovers, relatively little is known about how humpback whales 
behave during these periods. Migratory stopovers are locations used by animals during migration for 
resting and feeding. Humpback whales are believed to fast for the majority of their migration, 
although there is evidence that animals from some populations use feeding stopovers along these 
routes (Stone et al. 1987, Stamation et al. 2007). Despite this, migratory stopovers constitute a small 
proportion of the entire migrations of humpback whales and relatively little is known about of their 
fine-scale behaviour when they are not at these locations. Therefore, with the exception of stopover 
sites, it is unclear what other biologically important activities are also occurring during migration. 
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1.4 Methodology: measuring behaviour 
 
Animal behaviour can be described by its appearance or temporal pattern, by its consequences for the 
animal itself or other animals, and by the spatial relationship of the animal to its environment and 
other animals in that environment (Martin and Bateson 2010).  As a result of the many different ways 
animal behaviour can be described it can be deceptively problematic to measure and the best methods 
to use for this depend on the questions being asked by the researcher (Martin and Bateson 2010), such 
as what external factors influence behaviour, and what are the potential functions of the behaviour? 
In order to fully understand function, we must first acquire baseline information on the behavioural 
repertoire of the animal, what social and environmental factors drive and influence behaviours, and 
in what contexts are they observed.  
 
When studying behaviour, many factors need to be taken into account to ensure data are collected 
accurately and in an appropriate form to answer the intended research questions (Martin and Bateson 
2010). Choosing the level of detail at which to study a species is one of the primary considerations 
when beginning an investigation (Martin and Bateson 2010). Detail level can range from the 
fine-scale data on the behaviour and movement of an individual to more broad-scale data on the social 
interactions between individuals within a population (Martin and Bateson 2010). Choosing how to 
carry out a study is also an important consideration. If the natural behaviour of an individual or group 
is the focus of a study then the effect of the researcher, or presence of a research vessel, needs to be 
eliminated or taken into account in order for results to yield a true indication of how marine mammals 
behave (Martin and Bateson 2010). Lastly, as the behaviour of animals changes both seasonally and 
diurnally, choosing when to study them will affect the level of activity and the behaviours observed 
(Martin and Bateson 2010). Specific consideration needs to be given to designing a research 
methodology that either involves observations at a different time each day and/or throughout the year, 
or to observing animals at specific times when behaviours of interest are occurring. 
 
1.4.1 Sampling methods 
 
There are four main forms of data collection or sampling methods used to measure behaviour; ad 
libitum sampling, focal sampling, scan sampling and behaviour sampling (Altmann 1974, Martin and 
Bateson 2010). Ad libitum sampling involves non-systematic or informal observations; the researcher 
records whatever data appears relevant at the time of sampling (Martin and Bateson 2010). Data 
collected using this sampling method are biased towards behaviours and animals that are the most 
obvious to the researcher and have more value when used in the initial stages of a study, before formal 
15 
 
methodologies are fixed (Altmann 1974, Martin and Bateson 2010). Focal sampling involves 
observing one animal or one group of animals for a specified amount of time during which all 
instances of its behaviours are recorded (Altmann 1974, Martin and Bateson 2010). Focal sampling 
can be used to provide a record of all behaviours and their durations for the focal animal(s) during 
the sampling period (Altmann 1974). Scan sampling involves the ‘census’ of the activity of a group 
of animals at regular or preselected intervals (Martin and Bateson 2010). This form of sampling 
restricts the level of detail that can be recorded for each individual; however, it allows for a broad 
spread of data to be collected on a group of individuals (Martin and Bateson 2010). Behaviour 
sampling involves observing an entire group of animals and recording the occurrence of a specific 
behaviour whenever it happens (Martin and Bateson 2010). This method is usually employed to 
document the incidence of rare behaviours that may be missed during focal or scan sampling (Martin 
and Bateson 2010). Choosing an applicable method for a study should be based on the level of detail 
required and the ability to answer the research questions of interest from the data collected. 
 
In conjunction with a sampling method, researchers also need to consider the level of detail and the 
classes of data to record as part of a study. Two classes of behaviour have previously been described: 
(1) behavioural events, which are of short duration, can be approximated as points in time and are 
usually measured in frequency or rates, and (2) behavioural states, which occur over longer periods 
of time and whose duration is most often measured (Altmann 1974, Mann 1999, Martin and Bateson 
2010). Behavioural events are generally measured if the researcher is concerned with the occurrence 
of specific behaviours. For example, Brown et al. (1994) recorded the occurrence of a behavioural 
event, specifically fluke slaps, which were defined as part of a moderate reaction, to determine if 
humpback whales were responding to biopsy procedures. The same study also investigated whether 
the behavioural state of an animal made it more or less likely to respond to a biopsy procedure. The 
behavioural states used included social behaviour, travel and resting, and were defined both by the 
orientation of animals and the presence or absence of behavioural events. Therefore, distinguishing 
between behavioural events and states can be difficult and thus clear and detailed definitions are 
required to reduce confusion and the introduction of error by those recording the data. 
 
1.4.2 Examining data validity and reliability 
 
Once an appropriate data collection methodology has been chosen the next step is to consider who 
will be collecting these data. Many animal behaviour studies rely on data collected by human 
observers, the number of which depends on the spatial and temporal scale of a project. If large 
numbers of observers are involved in a study large volumes of data can be collected in a relatively 
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short period of time. However, reliance on observers may result in error being introduced into the 
data due to incorrect classification of a behaviour and variation in how individuals record the same 
behavioural event. This error is generally examined in two ways: first by measuring the validity of 
the data collected by observers, and second by examining the reliability with which they collect the 
data. Validity is a measure of the accuracy of the data or how well a measurement actually measured 
what it was supposed to (Martin and Bateson 2010). For example, in humpback whale research an 
observation is valid if a whale preforms a fluke slap and the observer correctly identifies the behaviour 
as a fluke slap. Reliability, on the other hand, concerns the extent to which a measurement is 
repeatable or consistently recorded by an observer or observers and includes both intra (or within) 
observer and inter (or between) observer reliability. Intraobserver reliability is a measure of an 
individual’s consistency, i.e. how similarly they record the same behavioural event on different 
occasions (Martin and Bateson 2010). Interobserver reliability, on the other hand, is a measure of 
how similar the results of two or more individuals are when recording the same behavioural event 
(Martin and Bateson 2010). For example, in humpback whale research observations of fluke slaps are 
reliably if an observer, or observers, consistently record fluke slaps correctly over the study period. 
In studies where multiple people are involved, data collected on one group of animals by one observer 
may be compared to data collected by a second observer on a second group. Consequently, there is a 
chance that behavioural differences observed between groups of animals could occur as a result of 
differences in how observers collected the data rather than as a result of actual differences. Therefore, 
it is important to examine interobserver validity and reliability, particularly when multiple observers 
are involved in data collection, to ensure that the result obtained from a study are correct. 
 
There are a number of ways to measure or quantify both the validity of data collected by observers 
and their reliability. In behavioural studies, the validity of data is often measured by calculating 
percentage agreement values. This measure determines the proportion of time two observers agree on 
the detection and classification of a behaviour (Martin and Bateson 2010). It can be used to examine 
the validity of a data set collected by observers if there is a standard (and correct) baseline with which 
to compare each observer’s results. The most commonly used measure of observer reliability are 
kappa statistics (Kaufman and Rosenthal 2009). Kappa statistics measure agreement but unlike 
percentage agreement they include a correction for chance agreement and have been adapted to 
measure reliability across multiple observers (Cohen 1960, Cohen 1968, Landis and Koch 1977, 
Berry and Mielke 1988). These methodologies provide different measures of validity or reliability 
and so in practice it may be best to carry out both and interpret results in combination. Ideally, 
observers should be tested prior to and at intervals during a period of data collection, with results used 
in real time to identify individuals that may require more training, or behaviours that require better 
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definition. However, in reality this is rarely possible, particularly if a study involves large numbers 
of observers. By examining the results of testing prior to data analysis researchers can maximise the 
validity and reliability of their data set by using the results to group multiple behavioural events into 
categories, where biologically applicable, and by including only reliably recorded variables in their 
analysis. This will ensure that data collected throughout a study is reliable and researchers can have 
confidence that the results of an analysis are accurate and representative of the event being observed. 
 
1.5 Thesis outline 
 
This thesis investigates the natural behaviour of humpback whales during migration and aims to 
determine the social and environmental factors that influence it. In order to accomplish this large 
volumes of fine-scale behavioural data, as well as simultaneously recorded information on social and 
environmental factors, are needed. In this study, these data were collected by large numbers of 
observers over two field seasons. Therefore prior to analysis, the validity and reliability of observers 
and the behavioural data they collected is examined. The influence of multiple social and 
environmental factors on the diving, movement and surface-active behaviour of humpback whales 
during migration are then examined. Finally, in order to identify the activities occurring during 
humpback whale migration their behavioural states are objectively identified. Following this 
introduction four data chapters are presented. The first chapter uses a small data set collected 
independently during the 2011 field season, while the last three chapters use large volumes of 
behavioural data collected on humpback whales over two field seasons in 2010 and 2011.  
 
Data for this study was collected by a large number of multinational observers with differing levels 
of experience on the project. Therefore, chapter 2 investigates the effects of observers’ experience 
and language on the validity and reliability of the behavioural data they collect. These data are also 
used to determine how best to categorise the surface-active behaviours of humpback whales. The 
findings of this chapter are applied to the large behavioural data set used in each of the following 
chapters.  
 
The primary objective of this thesis is to identify the naturally occurring factors that influence the 
fine-scale behaviour of humpback whales during migration. Using the results of chapter 2 the 
surface-active behaviour of humpback whales are grouped into categories. In Chapter 3, the social 
and environmental factors that may influence the occurrence of surface-active behaviours (breaching, 
fluke and pectoral slapping) are examined. The results of this chapter are then used to infer the 
potential functions of these behaviours as part of the communication repertoire of humpback whales.  
18 
 
Chapter 4 builds on the results of the previous chapter by investigating which social and 
environmental factors are influential in predicting the diving (dive duration and surfacing interval 
duration) and movement behaviour (speed and course of travel) of migrating humpback whales. The 
importance of these baseline data to studies examining the effects of anthropogenic disturbances is 
highlighted. 
 
Behavioural states are often used to describe the behaviour of marine mammals and examine the 
effects of anthropogenic disturbance. In Chapter 5 the detailed behavioural event and movement data 
collected in this study are used to objectively identify the behavioural states of humpback whales and 
the activities that occur during the southward migration. How different group compositions use these 
identified states is also investigated. 
 
Chapter 6 summarises the main results of this thesis and puts these findings into context by discussing 
them in relation to our current understanding of humpback whale behaviour. Areas for future research 
are suggested which would build on the findings of this thesis and further increase our understanding 
of the behaviour of humpback whales during migration.   
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CHAPTER 2 
 
 
Factors affecting the reliability and validity of behavioural datasets: 
assessing the impact of observers’ native language and experience on studies of 
wild animals 
 
 
Human observers are regularly used to collect behavioural data, however despite this, it is rare for the 
reliability and validity of the data they collect to be examined. This may be particularly important if 
large numbers of multinational observers, with differing levels of experience, are involved in data 
collection. In this chapter the validity and reliability of the behavioural data collected by observers is 
examined and the effect of observers’ experience and native language are assessed. This chapter has 
been formatted for submission to Aquatic Mammals. 
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Chapter 2 
 
Factors affecting the reliability and validity of behavioural datasets: assessing the impact of 
observers’ native language and experience on studies of wild animals 
 
 
2.1 Abstract 
 
In animal behaviour studies, particularly those involving wild animals, the reliability and validity of 
behavioural data collected by observers are not often examined. It is rarer still to see an assessment 
of the factors that may influence data collection. Variation in the validity (the accuracy of 
measurements) and the reliability (the consistency of measurements) by different observers may 
occur. This variability in data collection may have a significant impact on the accuracy of the results 
of a study. While the impact of observers’ experience on reliability has been demonstrated in some 
studies, the influence of factors such as observers’ native language is unknown. Here we used 
pre-recorded digital footage of migrating humpback whales (Megaptera novaeangliae) to examine 
the effects of observers’ experience and language on the validity and reliability of their data 
collection. We found that neither factor (experience nor native language) had a significant effect. 
However, within the dataset specific behaviour types were found to be more accurately and 
consistently recorded than others. These results were used to modify the detail in our ethogram and 
to identify behaviour types that were not reliably recorded and that should be excluded from further 
analysis. By grouping the behaviour types into categories the overall reliability and validity of the 
dataset was substantially increased.  
 
Keywords: interobserver agreement, interobserver reliability, Kappa statistics, humpback whale, 
Megaptera novaeangliae   
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2.2 Introduction 
 
Scientific studies of animal behaviour typically rely on data collected by one or more human 
observers. These studies usually involve the direct observation of animal behaviour in real time or 
observations made from video recordings (Martin & Bateson, 2010). To standardise collection of 
these observations, an ethogram, which is a catalogue of clearly defined behaviours exhibited by a 
species, is typically used (Martin & Bateson, 2010). Despite this, issues with the subjectivity of 
observers may persist and variation in the validity and reliability of their observations may impact 
the accuracy of the results of a study. The reliability of a measurement or observation relates to how 
repeatable and consistent it is (Martin & Bateson, 2010), in other words how consistently multiple 
observers identify the same measurement or observation. Validity, on the other hand, indicates the 
accuracy and specificity with which a measurement or observation is taken, i.e. how well it is 
measures what it is meant to measure (Martin & Bateson, 2010). For behavioural studies, assessment 
of validity and reliability can be achieved by quantifying the accuracy and repeatability with which 
an observer or group of observers correctly detects, and then classifies, a set of behaviours. 
 
Studies have shown the reliability and validity of observations to be affected by many factors 
including the number of categories used by observers (Mash & McElwee, 1974), the presence of 
peers (Fradenburg et al., 1995) and observers’ experience (Kaufman et al., 2008). There has been less 
research, however, into the effects of these and other factors on data collected in animal behaviour 
research. In well-designed studies, under field conditions, all observers should be using the same data 
collection method, the same ethogram of behaviours and have similar environmental surroundings in 
the form of peers or supervisors. However, observers’ experience and native language may vary, 
particularly when large numbers of observers are involved, and the effect of this variation on the 
validity and reliability of their observations is unclear. While Kaufman et al. (2008) found that more 
experienced observers achieved higher levels of inter-rater reliability than inexperienced ones, Jones 
et al. (2001) found that observers with different levels of experience performed similarly. This 
suggests that the effect of observers’ experience may not be consistent, i.e. greater experience does 
not automatically result in higher reliability, as might be expected. Although variation in the impact 
of observers’ experience has been shown, the influence of other factors such as their language is not 
known.  
 
As the scale of behavioural studies increases so does the number of observers that may be required 
for data collection. If large numbers of observers are involved they may vary in their level of 
experience. Additionally, training and data collection for a study are generally carried out in a single 
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language. If observers speak different native languages they may have different levels of proficiency 
in the language of instruction. Therefore, training needs to be adequate to ensure all observers, 
irrespective of both experience and native language, are brought to a similar level of competency for 
the purposes of data collection.  
 
Even in studies that achieve high overall validity and reliability across all observers or behaviour 
categories, the performance of individual observers and the scores for specific categories of 
behaviours may still vary when these are examined separately. This was the case in Weib et al.’s 
study (2011) in which interobserver reliability was high for their classification of killer whale 
(Orcinus orca) calls overall, but no agreement was achieved for two specific call types. This variation 
in results can suggest either situations in which specific observers require extra training or where 
disagreement is high for particular categories of behaviour. Defining such behaviours more clearly 
may reduce this disagreement. In instances where disagreements among observers cannot be 
corrected, researchers can increase the accuracy and consistency of their datasets by selecting the 
most reliably recorded variables for analysis and excluding those deemed unreliable (Bateson & 
Young, 1981; Weib et al., 2001). 
 
To examine the effects of observers’ experience and native language on the validity and reliability of 
the scoring of behaviours of wild animals, humpback whales were chosen as a model species. 
Humpbacks are the most surface active of the baleen whales, displaying a large number of 
individually identifiable behaviours (Appendix 1). On the east coast of Australia, large numbers of 
whales travel relatively close to the coast on their southerly migration. As a result, these animals can 
be tracked from land-based locations, enabling large volumes of data on behaviour to be collected by 
multiple observers (e.g. Cato et al., 2013).  
 
The aims of this study were (1) to determine whether observers’ experience and language affected 
the validity and reliability of the behavioural data they collected, (2) to ascertain if particular 
behaviours differed in their validity and reliability scores depending on observers’ experience and 
language, (3) to identify the sources of error in observers’ data, and (4) to improve validity and 
reliability by categorising the behaviours of the ethogram based on our results.  English was the 
language of instruction for this study and observers had varying years of experience on the project. 
Therefore, if the validity and reliability of the data collected by inexperienced or non-native English 
language speaking observers were shown to differ significantly from those of the data collected by 
experienced or native English speakers this would provide researchers with valuable guidance 
regarding the training needs of observers prior to data collection. Simultaneously, the identification 
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of sources of error in the detection and correct classification of specific behaviours would highlight 
behavioural definitions that require amendment and help identify robust variables for inclusion in 
data analysis. 
 
2.3 Methods 
 
Data for this study were collected during the BRAHSS project (Behavioural Response of Australian 
Humpback whales to Seismic Surveys, Cato et al., 2013) carried out at Peregian Beach on the east 
coast of Australia (26°30’ S, 153°05’ E) in September/October 2011. This project involved 49 
observers collecting behavioural data from two land-based locations. In the field, an ethogram of 
twenty three behaviours (Appendix 1) and a focal sampling methodology (Altmann, 1974; Martin & 
Bateson, 2010) were used to collect these data. Whales were primarily observed through a surveyor’s 
theodolite and the computer tracking program VADAR (Visual and Acoustic Detection and Ranging: 
http://cyclops-tracker.com/ E. Kniest, University of Newcastle) was used to record their behaviour. 
Observers were rotated daily between the two land-based locations and the different data collection 
roles (theodolite, VADAR operation). Prior to testing, all observers had received two weeks of 
training (carried out in English) in behavioural data collection on humpback whales and had been 
working regularly on the project for a subsequent three weeks. To examine whether experience had 
an effect on validity and reliability scores, observers were divided into two groups, those in their first 
season with the project (inexperienced, n = 36) and those with at least one season of previous 
experience on this project (experienced, n = 13). English was the primary language used on this 
project, but the observers involved in data collection came from 13 different countries and their native 
languages and English proficiency varied. For this reason we examined whether having English as a 
first language had an effect on validity and reliability scores (English as a first language, native 
speakers, n = 39; English as a second language, non-native speakers, n = 10) to determine if the 
training provided was adequate irrespective if native language. 
 
2.3.1 Testing 
 
To collect test data for this study, pre-recorded video footage of migrating humpback whale groups 
was used. The use of video footage, rather than real-time observations, enabled identical testing to be 
carried out on all observers independently. Eighty-six minutes of footage of humpback whale 
behaviour were recorded over a week using a high definition digital camcorder (Model: Canon 
Legeria HF M31, 3.9MP, 15x optical zoom). All footage was shot from one of the land-based 
observation locations used in the study and whales were on average 2 km away when recorded 
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(measured using a theodolite with 30 x magnification). By comparing images viewed through the 
theodolite at different distances to images recorded using the camcorder and viewed on a laptop 
screen, we determined that whales on the laptop screen were the same approximate size (i.e. the same 
visual angle) as those viewed through the theodolite at a distance of 5 km. This was also the average 
distance of surveyed whales from the land-based observation locations over the course of the field 
season. All footage was collected in weather conditions between Beaufort 1 and 3 (wind speeds 2-19 
km/h). From this catalogue of footage, 18 minutes (hereafter referred to as the ‘experimental footage’) 
were selected based on the quality of the footage and the repertoire of surface behaviours exhibited 
by the humpback whale groups. The experimental footage contained 189 individual behaviours in 
total (details in Table 2.1). 
 
 
Table 2.1: The number of each behaviour type occurring in the experimental footage. 
 
Behaviour No. of 
Behaviours 
Blow 44 
Back 3 
Breach 2 
Half Breach 4 
Head Lunge 0 
Pectoral Slap 12 
Inverted Pectoral Slap 3 
Bilateral Pectoral Slap 4 
Pectoral Wave 2 
Peduncle Slap 28 
Peduncle Throw 8 
Fluke Slap 13 
Inverted Fluke Slap 39 
Fluke Wave 9 
Round Out 9 
Fluke Down Dive 3 
Fluke Up Dive 3 
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Testing was carried out over a three day period at two testing ‘stations’. Observers were given 
instructions on how to run the experimental footage on a laptop computer (Dell Latitude E6410ATG) 
and how to operate an audio recorder (Model: Zoom Handy Recorder H1). They were then left alone 
and asked to watch the footage and record all observed behaviours vocally. Observers were instructed 
not to pause or rewind the experimental footage and were asked not to discuss the testing with other 
observers afterwards. In total 49 observers were tested. 
 
An experienced researcher (A. Kavanagh) also focal sampled the behaviour in the experimental 
footage to obtain an accurate baseline to which all observers’ data could be compared. Unlike the 
other observers, this researcher was given the opportunity to pause and rewind the footage to ensure 
all behaviours had been recorded accurately. All focal sample recordings were transcribed using 
Adobe Audition (CS5.5); the final output included time-stamped behavioural observations. 
 
2.3.2 Data analysis 
 
The data collected by each observer were analysed in two ways. First, each was independently 
compared to the baseline sample in order to assess the validity of each dataset. Second, the reliability 
of the data collected was evaluated by comparing datasets across all observers, excluding the baseline. 
When comparing datasets a ‘match’ was assigned if the same behaviour was recorded within five 
seconds by an observer and the baseline (validity testing) or between at least two observers (reliability 
testing). This five second period was chosen to allow for differences in reaction times between 
observers. If a behaviour was not recorded by an observer, i.e. it was missed, this was designated a 
‘non-detection’. All statistical analyses were carried out in R v2.13.0 (R Development Core Team, 
2012). 
 
2.3.3 Validity analysis: percentage agreement with baseline data 
 
To quantify the validity of the datasets, a measure of percentage agreement was used.  This is a 
measure of how often two observers agree on the detection and correct classification of a behaviour 
(Martin & Bateson, 2010). Percentage agreement scores were calculated using the following formula: 
 
𝐴 =
𝑇 𝑎𝑔𝑟𝑒𝑒
𝑇 𝑚𝑎𝑥
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where A is the percentage agreement of an individual observer with the baseline data, T agree is the 
total number of agreements on the occurrence of a behaviour, and T max is the maximum number of 
behavioural occurrences recorded in the baseline data (or by the observer if they recorded more). 
Validity data were unpaired, non-normally distributed and had homogeneous variance (Levene’s 
test).  Thus, to compare validity scores between categories of observers, Mann-Whitney U tests were 
used (‘MASS’ v7.3-12 package for R; Venables & Ripley, 2002). Percentage agreement scores were 
calculated for individual observers separately and for individual behaviours by pooling all data. 
 
2.3.4 Reliability analysis: Fleiss’s Kappa  
 
Fleiss’s Kappa scores were used to examine overall reliability of the data collected by observers, 
where all behaviours were considered simultaneously (Fleiss, 1971). Category-wise Kappas were 
used to measure the reliability of the recording of individual behaviours by observers (Conger, 1980). 
Both measures were calculated using the ‘irr’ v0.83 package for R (Gamer et al., 2012). Kappa 
statistics include a correction for chance agreement and have been adapted for testing the reliability 
of multiple observers (Cohen, 1960; Landis & Koch, 1977a; Berry & Mielke, 1988). Kappa scores 
range from -1 to 1, where 1 indicates perfect agreement and < 0 indicates that the observed agreement 
is less than expected by chance (agreement expected if observers made behaviour identifications at 
random) (Cohen, 1960; Conger, 1980). Landis & Koch (1977b) described the relative strengths of 
agreement of Kappa scores using six categories: poor agreement (<0.00), slight agreement (0.0-0.20), 
fair agreement (0.21-0.40), moderate agreement (0.41-0.60), substantial agreement (0.61-0.80), and 
almost perfect agreement (0.81-1.0). These categories were used to interpret the Kappa results 
obtained in this study.  
 
2.3.5 Types of inaccuracies in the behavioural data  
 
There were two types of errors associated with the behavioural data collection: (1) misclassifications, 
where an observer classified an observed behaviour differently to the baseline, and (2) non-detections, 
where an observer did not record the occurrence of a behaviour that was recorded in the baseline data. 
We calculated the percentage of each type of error for data overall and for individual behaviours. In 
the case of misclassifications of a behaviour we also calculated the proportions of what each was 
misclassified as.  
 
A cluster analysis was carried out to visualise what behaviours were most commonly misclassified 
as. Based on the misclassification proportions, a set of dissimilarity indices were calculated using the 
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Bray-Curtis Index (Bray & Curtis, 1957). The Bray-Curtis Index is a generally-applicable 
dissimilarity measure for ecological data. It is used to quantify the compositional dissimilarity 
between two different samples, based on counts for each. The Bray–Curtis dissimilarity is bound 
between 0 and 1, where 1 means the two samples have the same composition and 0 means the two 
samples do not have the same composition. An agglomerative hierarchical cluster analysis was then 
carried out on these indices. In this cluster analysis each object (i.e. each behaviour type: breach, 
pectoral slap etc.) was assigned to its own cluster, therefore, the number of clusters is equal to the 
number of behaviour types examined. In total, 17 behaviour types were examined in this chapter 
(Table 2.3), hence there were 17 clusters in the dendrogram (Figure 2.2). The algorithm then 
proceeded iteratively, at each stage joining the two most similar clusters, continuing until there was 
just a single cluster. At each stage distances between clusters were recomputed using the 
Lance-Williams dissimilarity updating formula which produces updated dissimilarities (‘Vegan’ 
v2.0-2 package for R; Oksanen et al., 2013). 
 
2.3.6 Categorisation of the ethogram 
 
Based on the results of this study we grouped a number of behaviours into categories. The validity 
and reliability scores were then recalculated both for observers’ data overall and for individual 
behaviours. Validity scores were compared statistically using a sign test as data were paired, 
non-normally distributed, variance was not homogeneous between samples, and the distribution of 
the pairs was not symmetric around the median (‘MASS’ v7.3-12 package for R; Venables & Ripley, 
2002).  
 
2.4 Results 
 
2.4.1 Validity and reliability of observers’ data 
 
The overall validity of observers’ behavioural data, the average of their individual percentage 
agreement scores, was 50.8 % (Table 2.2). The Kappa score, which quantifies the reliability of data 
collection across all observers, was 0.55, falling within the Landis and Koch (1977b) ‘substantial’ 
strength of agreement scoring range (Table 2.2). Validity did not differ significantly between 
inexperienced and experienced observers (Mann-Whitney U test, W = 246.5, p = 0.79) and Kappa 
scores obtained for observers in each experience group were similar (Table 2.2). There was also no 
significant difference between the validity scores (percentage agreement) for native and non-native 
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English speakers (Mann-Whitney U test, W = 215, p = 0.63), nor was reliability (the Kappa score) 
affected by language (Table 2.2).  
 
2.4.2 Validity and reliability of data on individual behaviours 
 
Five of the 17 behaviours tested had a percentage agreement score above 80%, and eight had 
agreement scores of 50% or more (Table 2.3). Over half of the behaviours had Kappa scores that fell 
into the Landis & Koch (1977b) ‘moderate’ or higher strength of agreement scoring range (Table 
2.3). Overall, breaches and half-breaches had the highest validity and reliability scores, respectively, 
whilst inverted pectoral slaps had the lowest validity and reliability scores (Table 2.3). When the 
reliability and validity of the data from observers in the two experience groups or the two language 
groups were considered, a subset of behaviours were found to show higher validity or reliability 
scores in one group than the other (Table 2.4). There were no behaviours with low validity scores but 
with high reliability scores (Table 2.3), i.e. no behaviours where observers performed poorly against 
the baseline but showed high agreement between each other.  
 
 
Table 2.2: Mean validity scores (percentage agreement) with standard deviations for all observers, 
and reliability scores (Fleiss’s Kappa, range from -1 to 1), for each experience level (<1 year or >1 
year on BRAHSS project) and for language groups (native English speakers and non-native English 
speakers). 
 Overall Experience Language 
<1 year >1 year Native Non-Native 
Validity Score 50.80 ± 
9.71 
50.92 ± 
9.85 
50.51 ± 
9.69 
50.49 ± 
9.71 
52.01 ± 
10.14 
Reliability Score 0.55 0.56 0.55 0.56 0.53 
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Table 2.3: Validity (percentage agreement) and reliability (category-wise Kappa) scores for behaviours and behavioural categories. 
Behaviour Validity 
Score 
Reliability 
Score 
Most Common 
Misclassification 
 
Behaviour 
Category 
Validity 
Score 
Reliability 
Score 
Blow 
 
84.1 0.79 Back    
Back 37.4 0.24 
 
Blow    
Breach 88.8 0.75 Half-Breach Breaching  
Behaviours 
100.0 0.99 
Half-Breach 87.8 0.83 Breach   
Head Lunge 
 
0.0 0.00 Half-Breach   
Pectoral Slap 85.9 0.69 Inverted Pectoral Slap Pectoral Slapping  
Behaviours 
92.6 0.82 
Inverted Pectoral Slap 6.9 0.05 Pectoral Slap 
Bilateral Pectoral Slap 
 
50.0 0.44 Pectoral Slap 
Fluke Slap 69.8 0.47 Peduncle Slap  
Fluke Slapping  
Behaviours 
93.9 0.88 
Inverted Fluke Slap 31.0 0.26 Fluke Slap   
Peduncle Slap 32.7 0.25 Fluke Slap   
Peduncle Throw 
 
67.9 0.52 Fluke Slap   
Round Out 26.1 0.26 Back Diving  
Behaviours 
50.5 0.58 
Fluke Down Dive 42.9 0.41 Round Out   
Fluke Up Dive 
 
84.4 0.63 Fluke Down Dive   
Pectoral Wave 41.8 0.26 Pectoral Slap Waving  
Behaviours 
37.0 0.31 
Fluke Wave 
 
25.8 0.27 Fluke Slap   
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Table 2.4: Behaviours with higher validity scores V (>10% difference in percentage agreement) or 
higher reliability scores R (>0.10 difference in Kappa) for observers in one of the experience or 
language groups; i.e. experienced observers achieved higher validity scores for three behaviours 
(peduncle throws, round outs and fluke up dives) when compared to inexperienced observers. 
Experienced Inexperienced 
Peduncle Throw V, R 
Round Out V 
Fluke Up Dive V 
Peduncle Slap V, R 
Bilateral Pectoral Slap R 
 
Native 
 
Non-Native 
Half-Breach V, R 
Fluke Slap R 
Fluke Wave R 
Fluke Up Dive R 
Pectoral Wave V, R 
Inverted Fluke Slap V, R 
 
 
 
2.4.3 Types of inaccuracies in the behavioural data  
 
Overall, 78% of all disagreements between observers’ data and the baseline dataset resulted from 
misclassifications, whilst the remaining 22% were due to non-detections. These proportions were 
similar for observer groups with different levels of experience and for native or non-native English 
speakers (Table 2.5). Some degree of error, misclassification and non-detection, occurred in the 
recording of most behaviours, with the exception of breaches and half-breaches (Figure 2.1), 
however, the relative proportions of these errors varied depending on the behaviour in question. 
Furthermore, there was variation in the performance of experienced versus inexperienced observers 
and native versus non-native English speakers, depending on the behaviour. Behaviours for which 
the proportions of non-detections and misclassifications differed between groups by more than 10% 
are indicated in Figure 2.1. 
 
Overall, the behaviours most frequently recorded in the baseline sample but not detected by observers 
were ‘backs’ and ‘round outs’, whilst ‘inverted pectoral slaps’ were the behaviour most frequently 
misclassified by observers. The most common misclassification for each behaviour is presented in 
Table 2.3. In general, behaviours were most commonly misclassified as others that are carried out 
with the same body part and create the same observed effect, i.e. slapping or breaching. 
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Figure 2.1: The proportions of disagreements between observers’ data and the baseline data that 
were due to misclassifications or non-detection errors are shown for each behaviour. Behaviours for 
which these proportions differed by more than 10% between experience groups or language groups 
are indicated. For example, IE (16%) beside the BA behaviour indicates that inexperienced 
observers had a 16% higher proportion of non-detections for ‘backs’ when compared to experienced 
groups. Experienced (E), inexperienced (IE), native English speakers (N), non-native speakers 
(NN). Behaviour codes: blow (BL), back (BA), breach (BR), half-breach (HB), pectoral slap (PS), 
inverted pectoral slap (IPS), bilateral pectoral slap (BPS), fluke slap (FS), inverted fluke slap (IFS), 
peduncle slap (PDS), peduncle throw (PDT), round out (RO), fluke down dive (FDD), fluke up dive 
(FUD), pectoral wave (PW), fluke wave (FW). 
0 20 40 60 80 100
FW
PW
FUD
FDD
RO
PDT
PDS
IFS
FS
BPS
IPS
PS
HB
BR
BA
BL
Non-Detection Misclassification
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Table 2.5: Percentage of disagreements between observers’ data and the baseline data due to 
misclassifications or non-detections, overall observers and for experience and language groups. 
 Misclassifications 
% 
Non-Detections 
% 
Overall 78 22 
Experienced 79 21 
Inexperienced 83 17 
Native Language 70 30 
Non-Native Language 65 35 
 
 
2.4.4 Cluster analysis 
 
The agglomerative hierarchical cluster analysis based on the Bray-Curtis set of dissimilarities shows 
four distinct clusters (Figure 2.2): (1) breaching behaviours, (2) behaviours involving the pectoral fin, 
(3) behaviours involving the fluke or peduncle, and less distinctively, (4) diving behaviours. There 
was little or no correlation among the four clusters. This indicates that a behaviour was more 
commonly misclassified as another behaviour within its cluster than as one from another cluster 
(similarity of <0.1). Behaviours with the highest correlations were pectoral slaps and inverted pectoral 
slaps (similarity of 0.8), followed by inverted fluke slaps, fluke slaps and peduncle slaps (similarity 
of 0.7).  
 
2.4.5 Categorisation of the ethogram 
 
Based on the misclassification and cluster analysis results, a number of behaviours were grouped into 
categories (Table 2.3). In general, behaviours that clustered together were also categorised together. 
However, there were exceptions to this; pectoral and fluke waving behaviours were placed in a 
category of their own as they did not involve a slapping motion and were considered more passive in 
nature. Similarly, backs were not categorised with round outs despite their being clustered together, 
as backs were most commonly misclassified as blows. Blows are not considered to be diving 
behaviours and individually were reliably recorded by observers. 
 
After categorising the behaviours, the overall validity and reliability scores were recalculated. As 
expected, the validity scores of observers increased significantly from a mean of 50.8% (±9.7 SD) to 
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84.8% (±4.4 SD) (sign test, p < 0.001, n = 49). The overall reliability score also increased from 0.55 
(Landis & Koch, 1977b, ‘moderate agreement’ scoring range) to 0.74, placing it in the ‘substantial 
agreement’ range. The validity scores for the ‘breaching behaviour’, ‘pectoral slapping behaviour’ 
and ‘fluke slapping behaviour’ categories all increased to above 90%. Reliability scores for these 
categories also increased to the Landis & Koch (1977b) ‘almost perfect’ agreement scoring range 
(Table 2.3). In contrast, the validity and reliability scores for the ‘waving’ and ‘diving’ behaviour 
categories remained low. 
 
 
 
Figure 2.2: Dendrogram illustrating the agglomerative hierarchical cluster analysis based on the 
Bray-Curtis set of dissimilarities for the correctly/incorrectly recorded behaviour proportions. 
Clusters at 0.0 have no similarity, while those at or close to 1.0 are highly similar, i.e. when 
behaviours are misclassified those clustered together with high similarity indices are more often 
misclassified as one another. Behaviour codes are the same as in Figure 2.1, with the addition of 
head lunge (HL). 
 
 
2.5 Discussion 
 
The findings of this study indicate that variability introduced by individual observers may be a greater 
source of error in this behavioural dataset than either their experience or language. Contrary to 
expected results, experience and language did not significantly influence the overall validity and 
reliability of the behavioural data collected by the observers studied. This suggests that the training 
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provided prior to testing was sufficient to bring all observers, regardless of initial experience and 
language, to a similar standard.  
 
Although experience and language did not significantly affect overall results, there were some 
differences in the validity and reliability scores for specific behaviours collected by the different 
observer groups (experienced versus inexperienced and native versus non-native English speakers). 
Before undertaking this experiment we had expected that more experienced observers would achieve 
higher scores both overall and for each individual behaviour category. However, although scores for 
individual behavioural categories varied with observers’ experience, no clear pattern emerged; 
experienced observers’ data were not consistently more valid or reliable than those of inexperienced 
ones. There may be several reasons for this. Perhaps inexperienced observers were less confident 
with the ethogram and so took greater care in applying it to observed behaviours. Alternatively, 
experienced observers may have been overconfident in their memory of the ethogram definitions and 
inadvertently misclassified behaviours. Another possible explanation is that the previous experience 
of observers on other projects influenced their performance. This may be particularly significant if 
that previous experience included the use of similar but not identical behavioural ethograms as 
observers may have difficulty relearning new definitions for similar behaviours. Although previous 
experience on other projects was not examined in this study, future studies should address this. A 
similar result was found when native and non-native English speakers were compared, with neither 
group achieving consistently higher validity and reliability scores overall. If training was inadequate, 
and therefore having English as a second language was a disadvantage, we would have expected data 
for all or most behaviours to have lower reliability and validity scores for this group. This was not 
the case in this study. Given that observers’ experience and language were not driving the variation 
in reliability and validity scores observed, other causes of variability among observers must have been 
important. 
 
As experience and native language were shown not to significantly influence the overall reliability 
and validity of the dataset, we examined the errors in the dataset more closely at the level of individual 
behaviours. Behaviours recorded with low levels of error (i.e. high validity scores) can be included 
with confidence in an analysis using data collected by these observers, while those with high levels 
of error (i.e. low validity scores) need to be examined in detail before being included. If the majority 
of errors were due to non-detections, these latter behaviours may need to be omitted from future 
analyses. On the other hand, if errors consisted mainly of misclassifications, these behaviours may 
still be included if this error can be corrected by grouping behaviours into redefined categories, and 
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the errors can, as a result, be substantially reduced. However, redefined categories need to make 
biological sense as well as improving reliability of the dataset 
 
In the dataset, misclassifications were the largest source of error overall. By grouping the behaviours 
in the ethogram into larger categories, based on how behaviours were most commonly misclassified, 
and re-running the analysis, both validity and reliability scores increased substantially. Individual 
behaviours which initially had low validity scores and high levels of misclassification error exhibited 
high scores when integrated into broader categories. In contrast, the scores of behaviours that initially 
showed low validity and high levels of non-detection error remained low. The overall validity and 
reliability of the dataset could be improved by choosing to exclude behaviours that were not reliably 
recorded from an analysis, for example ‘waving behaviours’, ‘diving behaviours’ and ‘backs’. 
 
When choosing to omit behaviours from an analysis, the functions of these individual behaviours 
should to be considered. The functions of the humpback whale behaviours that were used to illustrate 
observer validity and reliability in this study are not well understood. No study has distinguished 
between the possible functions of very similar behaviours such as ‘bilateral pectoral slaps’ and 
‘inverted pectoral slaps’, and as we have shown when these were individually recorded, neither 
behaviour achieved high validity or reliability scores. Therefore, a balance is needed between the 
level of detail required from behavioural data, the possible biological significance of the behaviours 
in question and the reliability of the data collected. Achieving a balance between these factors is 
central to obtaining reliable data with sufficient detail to test a hypothesis. 
 
In the field, many factors affect how reliably data are collected, including the behaviour of focal 
animals, their distance from the observer, and environmental conditions such as glare and sea-state. 
In this study, these factors were controlled for by using the same video footage to test each observer, 
which contained footage of whales close to shore and recorded in calm weather conditions. We 
recommend examining these and other factors in future research to achieve a better understanding of 
how to maximise the reliability and validity of behavioural data under varied field conditions. 
Although experience and language were not significantly influential in this study, these factors may 
have been important had testing been carried out prior to the three weeks of actual data collection, 
before observers gained this experience. We therefore also recommend that validity and reliability 
testing be carried out both after initial training and prior to any data collection, and again mid-way 
through a season of data collection. Initial testing would enable issues with individual observers or 
specific behaviours in an ethogram to be addressed prior to collecting data.  Mid-season testing would 
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offer the opportunity to ensure all observers maintained the same level of validity and reliability 
throughout a project.  
 
Although there was large variation in the reliability and validity scores for individual behaviours, 
these results highlighted the behaviours that could be included in future analyses with confidence and 
those that should potentially be omitted. The majority of error was due to the misclassification of 
behaviours rather than to non-detections; thus if the problem of misclassifications can be rectified 
through better definitions or appropriate categorisation of behaviours, then the overall error can be 
substantially reduced. Identifying sources of misclassification errors and mitigating for them by 
modifying the detail with which an ethogram is constructed, and omitting behaviours that were not 
recorded reliably, can substantially increase the overall reliability and validity of data.  
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CHAPTER 3 
 
 
Evidence for social functions of surface-active behaviors in humpback whales 
(Megaptera novaeangliae) 
 
 
Surface-active behaviors are thought to be used for communication in humpback whales. In the 
previous chapter certain surface-active behaviors in the detailed ethogram were not reliably recorded 
and commonly misclassified as one another. As a consequence, behaviors were grouped into three 
broad surface-active behavior categories including pectoral slapping, fluke slapping, and breaching. 
The aim of this chapter was to investigate the function of these three behavioral categories by 
examining the social and environmental context in which they occurred. This chapter has been 
formatted for submission to Behavioral Ecology and as a consequence has American spelling. 
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Chapter 3 
 
Evidence for social functions of surface-active behaviors in humpback whales 
(Megaptera novaeangliae) 
 
 
3.1 Abstract 
 
As part of their social sound repertoire, migrating humpback whales (Megaptera novaeangliae) 
display a large variety of surface-active behaviors, such as breaching and repetitive slapping of the 
pectoral fins and tail flukes; however, little is known about what factors influence these behaviors 
and what their functions might be. One hypothesis is that they are used for communication between 
animals. We investigated the potential functions of surface-active behaviors in humpback whale 
groups by examining the social and environmental contexts in which they occurred. Our study site 
was located at Peregian Beach on the east coast of Australia. During the southward migration of 
humpback whales in 2010 and 2011, 202 hours of focal observations on ninety four different groups 
of whales were collected by land-based observers. We also recorded simultaneous data on the social 
and environmental context of each focal group as well as continuous acoustic monitoring. We propose 
that breaching may play a role in communication between distant groups as the probability of 
observing this behavior decreased significantly when the nearest whale group was within 4000 m 
compared to beyond 4000 m. Involvement in group interactions, such as the splitting of a group or 
the joining with other whales, was an important factor in predicting the occurrence of both pectoral 
and fluke slapping, and we suggest that both play a role in close-range or within-group 
communication. This study highlights the potentially important and diverse roles of surface-active 
behavior in the communication of migrating humpback whales.  
 
Keywords: humpback whale, Megaptera novaeangliae, surface-active behavior, function   
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3.2 Introduction 
 
Many animals that have adapted to living in the marine environment have evolved their 
communication to optimize successful transmission of signals underwater. Visual communication, 
particularly in deeper waters with restricted light penetration, is limited except in some clear shallow 
water environments (Richardson et al., 1995). In contrast, sound travels much more efficiently in 
water than in air as it loses very little energy with distance (Richardson et al. 1995). As a result, sound 
is used by many marine animals to communicate in this environment. Examples of acoustic 
communication can be seen in many species of marine fish and mammals, including those inhabiting 
reef and pelagic waters. The toadfish (Halobatrachus didactylus) and a species of mormyrid electric 
fish (Pollimyrus isidori) produce multiple vocal sounds used in their communication (Crawford et 
al., 1986, Amorim et al., 2008), while Pacific and Atlantic herring (Clupea pallasii and C. harengus) 
produce non-vocally generated sounds associated with bubble expulsion from their anal duct region 
(Wilson et al., 2004). The use of acoustic communication by marine mammals is also well 
documented. For example, the acoustic signal repertoire of killer whales (Orcinus orca) includes 
pulsed calls and whistles (Ford, 1989). It has been suggested that some of these signals function to 
maintain contact and coordination within groups during close-range interactions (Ford, 1989, 
Thomsen et al., 2001, Miller, 2002). Similarly, it has been proposed that the signature whistles of 
bottlenose dolphins (Tursiops truncatus) are used to facilitate reunions between separated mothers 
and calves (Smolker et al., 1993). Mysticetes sounds may be audible many kilometres from the source 
(Herman and Tavolga, 1980). Male fin whales (Balaenoptera physalus), for example, produce long, 
patterned vocalizations thought to function as a male breeding display (Richardson et al., 1995, Croll 
et al., 2002). Leopard seals use two distinctively different types of sounds, one for close-range 
interactions and one as a longer range broadcast sound (Rogers et al., 1996).  Consequently, it appears 
that marine mammals’ acoustic communication may vary in function from long-distance broadcast 
signals to short distance within-group displays. 
 
Humpback whales are medium-sized baleen whales that are found in all oceans of the world (Clapham 
and Mead, 1999). They use both vocally and non-vocally produced sounds, in the form of song and 
social sounds, in their acoustic communication (Payne and McVay, 1971, Payne, 1978, Thompson et 
al., 1986). Song is a highly complex, highly structured and stereotyped vocal signal produced only 
by males and is thought to function as a sexual display (Payne and McVay, 1971, Tyack, 1981, 
Clapham, 1996). Social sounds, on the other hand, lack the continuous pattern of song, are produced 
by males, females and calves and are produced in many different social and environmental contexts 
(Silber, 1986, Dunlop et al., 2007, 2008, Zoidis et al., 2008, Stimpert et al., 2011).  The social sound 
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repertoire of humpback whales comprises of both vocal sounds and non-vocal sounds generated by 
surface-active behavior (Dunlop et al., 2007). While the function of song has been studied 
extensively, the function of social sounds are less well understood, particularly those produced as a 
result of surface-active behavior. 
 
Humpback whales are one of the most surface-active of the baleen whales. Their behavioral repertoire 
is extensive and includes energetic leaps as well as the repetitive slapping of a pectoral fin or fluke 
on the water surface (Whitehead, 1985, Corkeron, 1995, Deakos, 2002). The sounds generated by 
these surface behaviors are likely to be audible at broadly similar distances underwater to vocally 
produced sounds (Dunlop et al., 2010, 2013). Surface-active behaviors are thought to be part of the 
communication repertoire of these animals due to the audible sound made by the splashing on the 
surface of the water (Whitehead, 1985, Deakos, 2002, Dunlop et al., 2008). More specifically, it has 
been hypothesized that they play a role in maintaining contact between groups (Payne, 1978) and 
communicating within groups (Dunlop et al., 2008).  These surface-active behaviors may also be 
involved in initiating or mediating social interactions (Deakos, 2002, Dunlop et al., 2008) as they 
have been observed during group affiliations and disaffiliations (Baker and Herman, 1984). In a more 
general sense, it has been proposed that breaching accentuates other forms of communication in these 
animals and is used as a “physical exclamation point” (Whitehead, 1985). However, these behaviors 
occur in a variety of social and environmental contexts, making it challenging to determine their 
functions. Surface-active behaviors are performed by humpback whales of all sexes and in many 
different social contexts and as a result they probably have several functions, at least on breeding 
grounds (Whitehead, 1985). 
 
Surface-active behaviors are also regularly observed during whales’ migration.  Humpback whales 
migrate annually between feeding grounds in polar waters and breeding grounds in tropical waters, a 
round trip of up to 8000 km (Chittleborough, 1965, Dawbin, 1966, Clapham and Mead, 1999, Stone 
et al., 1990, Rasmussen et al., 2007). They fast for the majority of these extended journeys and on 
breeding grounds, although there is evidence that individuals from some populations make feeding 
stop-overs (Stone et al., 1987, Best et al., 1995, Stamation et al., 2007). While migrating individuals 
are usually fasting, the surface-active behaviors they perform appear highly energetic and potentially 
require considerable amounts of energy (Whitehead, 1985). That these behaviors are performed 
extensively during the migratory period and on the breeding ground, when animals would be expected 
to be conserving their energy, suggests that they may play an important role in the communication 
repertoire of humpback whales. Therefore, the aims of this study were (1) to determine how changes 
in social and environmental factors correlate with the use of particular surface-active behaviors by 
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migrating humpback whales, and (2) to infer the functions of these behaviors based on these results. 
The whales were migrating south from the breeding grounds as they passed the study site and exhibit 
many of the behaviors also observed on the breeding grounds.  We hypothesized that these 
surface-active behaviors are primarily influenced by social factors and have a social function.  
 
3.3 Methods 
 
3.3.1 Study site 
 
This study was carried out as part of the baseline research for the ‘Behavioral Response of Australian 
Humpback whales to Seismic Surveys’ project (BRAHSS) (Cato et al., 2013).  Data were collected 
at Peregian Beach (26°30’ S, 153°05’ E) on the east coast of Australia (Figure 3.1) during September 
and October in 2010 and 2011. The group E (i) breeding stock of humpback whales migrates annually 
along the east coast of Australia (Cittleborough, 1965, Bannister, 2005). Their southward migratory 
route involves a large proportion of the population traveling within 10 km of the shore along parts of 
the coast including at Peregian Beach, 130 km north of Brisbane (Noad et al., 2004). At this site there 
are elevated land-based locations close to the shore, from which whales could be observed without 
the added disturbance of a research vessel. These factors made this an ideal location from which to 
study the natural behavior migrating humpback whales. For this study, data were collected from two 
land-based locations: (1) ‘North Station’ - the balcony of an apartment building 8.6 km north of the 
base station at Peregian Beach (30 m above sea level, 30 m from the coast), and (2) ‘Emu Mt. Station’ 
- the peak of Emu Mountain, 3 km south of Peregian Beach (73 m above sea level, 700 m from the 
coast). Both stations had unobstructed views over the sea, although the first station’s view to the north 
was partially restricted by Noosa headland (Figure 3.1).  
 
3.3.2 Data collection 
 
Behavioral data were collected using a detailed ethogram (Appendix 1) and a focal sampling method 
(Altmann, 1974, Mann, 1999, Martin and Bateson, 2010). We recorded the location of a focal group 
of whales at every surfacing and the timing of every behavior observed from the group (behavior 
categories examined in this study are listed in Table 3.1). The group composition, i.e. the number and 
type of animals in the focal group, and the occurrence of any group interactions, i.e. when the focal 
group split or joined with another group, were also recorded (definitions in Table 3.2). We defined 
whales as a group if they surfaced synchronously within 100 m of one another (Whitehead, 1983, 
Corkeron, 1995). Data were collected at the level of groups, as individual whales were not readily 
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identifiable from the land-based survey stations through successive dives. A ‘group’ could include a 
single animal or multiple animals.  
 
 
Figure 3.1: The study site at Peregian Beach on the Sunshine Coast of Eastern Australia. 
Land-based observations stations (Emu Mt. and North Station) and the location of the hydrophone 
array and the base station where signals from the array were transmitted are indicated. 
 
Two focal observation teams were located at each of the two land stations. Initially each of the four 
teams followed a separate group of whales. When a southbound group being followed by a North 
Station team was deemed to be mid-way between the two stations they were passed onto an Emu Mt. 
team who continued the focal follow. This allowed the maximum number of individual groups to be 
followed, although focal follows varied in length depending on whether they were tracked by a single 
station or passed from a North to an Emu Mt. team. In the latter case, continuous focal follows of up 
to seven hours were sometimes possible. Whales were followed at distances of up to approximately 
15 km from the observation stations, dependent on the weather conditions.  
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Table 3.1: Behavior categories. 
Behavior 
category 
 
Behaviors  
 
Definition 
Breaching  Breach 
Half Breach 
Head Lunge 
 
A leap in which a proportion of the whale’s 
body exits the water. The whale usually, 
but not always, twists in the air and lands 
on its dorsal or lateral aspect. In the case of 
a head lunge there is energetic forward 
motion. 
 
Pectoral Slapping Pectoral Slap 
Inverted Pectoral Slap 
Bilateral Pectoral Slap 
 
One or both pectoral fins are raised out of 
the water and forcibly slapped against the 
water surface. 
Fluke Slapping Fluke Slap 
Inverted Fluke Slap 
Peduncle Slap 
Peduncle Throw 
 
The entire fluke or fluke and peduncle are 
raised out of the water and forcibly slapped 
or thrown against the water surface. 
 
Each focal team consisted of three observers: a theodolite operator, a computer operator, and a spotter. 
The theodolite operator used a surveyor’s theodolite to (1) track the movements of whales by taking 
a ‘fix’ on a focal group at each surfacing, and (2) observe the behavior of each animal in the focal 
group. Information from the ‘fix’ was transmitted directly to a laptop computer running the software 
VADAR (Visual and Acoustic Detection and Ranging: http://cyclops-tracker.com/ E. Kniest, 
University of Newcastle) that automatically calculated the positions of whales using information from 
the theodolite’s height above sea level, and the angle of elevation and azimuth of the whale. Data 
were processed by the program in real time and positions were displayed on the laptop screen allowing 
the computer operator to maintain a ‘visual’ track of the whales. Along with accepting theodolite 
positions, the computer operator also recorded the behavioral data and information on group 
composition called out by the theodolite operator. The spotter, equipped with a pair of compass 
reticule binoculars (Kinglux waterproof 7x50), aided the theodolite operator in locating groups of 
whales upon surfacing, taking rough positions (using compass and reticules to give the angle to the 
horizon) and calling out behaviors observed when necessary. In the field, the land-based stations were 
networked in real time, enabling a group of whales being tracked by a team at the North Station to be 
seen by a team at the Emu Mt. Station on their VADAR screen. Both were networked to the base 
station. This feature increased the ease and accuracy with which a group of whales could be handed 
over between stations, allowing them to be tracked for longer periods of time and over greater 
distances.  
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Table 3.2: Predictor variables included in behavior models. 
Category Variable  Description 
 
Social Context Comp The group composition 
 Group Interaction Involvement in an interaction with another group 
 Near Group Distance to the nearest group of whales within 10km 
 No. of Groups The number of whale groups within 10 km  
 Near Singer Distance to the nearest singing whale within 10km 
 No. of Singers The number of singing whales within 10 km  
 
Environmental 
 
Wind Speed 
 
Wind speed in km/h  
Context Water Depth 
Distance Shore 
Water depth in meters  
The distance in meters from shore to the group of whales 
 
 
Compositions:  
Adults Only (Groups containing two adults only) 
Lone Animals (Groups containing a single adult) 
Female/Calf (A calf and a single adult, presumed to be a female) 
Female/Calf/Escort (A calf and two adults; a female and an escort) 
Female/Calf/Multiple Escorts (A calf and multiple adults; a female and two, three or four escorts) 
Multiple Female/Calf Pairs (Multiple female/calf pairs, with or without a single escort) 
 
Group Interaction: 
Stable (Group not in the process of splitting or involved in joining with another group) 
Pre/Post Join (The ten minute period before or after a join was noted) 
Pre/Post Split (The ten minute period before or after a split was noted) 
 
Distance to Nearest Group or Singer:  
Within 1000 m, 1000-2000 m, 2000-4000 m and beyond 4000 m  
 
Number of Groups: 0, 1, 2, 3, 4, or 5+ whales within 10 km of the focal group 
 
Number of Singers: 0, 1, or 2+ singing whales within 10 km of the focal group 
 
 
 
3.3.3 Social context data 
 
Social context was measured in four ways: (1) the composition of the focal group, (2) whether or not 
the focal group was involved in a group interaction (both recorded by the focal teams), (3) the 
presence of other groups in the area and (4) the presence of singers in the area.  Data on the presence 
of other groups were collected simultaneously with focal data by a fifth team of observers, located at 
the Emu Mt. Station. They recorded the locations and behaviors of all groups of whales within 
approximately 20 km of the Emu Mt. Station, each time they surfaced and using ad libitum sampling 
(Altmann, 1974, Mann, 1999, Martin and Bateson, 2010). This enabled the distance to the nearest 
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whale group and the number of groups within 10 km to be calculated for each focal data observation. 
Distance to the nearest group was categorized for analysis as within 1000 m, 1000-2000 m, 
2000-4000 m and beyond 4000 m. Details of these social context variables are presented in Table 3.2.  
 
The time spent submerged by singing whales can be much longer than non-singers (Whitehead, 1981) 
and therefore they can be difficult to track from land-based locations. For this reason, five acoustic 
buoy systems were deployed in a T shape configuration in the center of the study site in 18-25 m of 
water (Figure 3.1). Each buoy contained batteries, a pre-amplifier, a VHF radio transmitter, and a 
hydrophone (for more detailed methods see Noad et al., 2004). The buoys were moored for the 
duration of the study period, and real-time radio transmissions from each of the buoys were received 
via an antenna at base station on land. All transmissions were recorded and acoustic tracking of 
singing whales was performed both during and after the field season using the acoustic analysis 
software Ishmael (Mellinger, 2001). This program uses the differences between the times of arrival 
of the same sound at the different hydrophones to estimate the location of the sound’s source. All 
acoustic recordings were made simultaneously with the land-based observations in the field, and 
plotted by VADAR allowing the distance to the nearest singer and the number of singers within 10 km 
to be calculated for each focal data observation. Distance to the nearest singer was categorized for 
analysis as within 1000 m, 1000-2000 m, 2000-4000 m and beyond 4000 m (Table 3.2). 
 
3.3.4 Environmental context data 
 
Weather conditions were obtained from the Australian Bureau of Meteorology automatic weather 
station at the Sunshine Coast Airport approximately 10 km south of the study site and within 1 km of 
the sea. Data on wind speeds (km/h), wind direction (degrees) and wind gusts (km/h) were recorded 
half-hourly throughout the field seasons. Wind speed was selected as one of the environmental 
context variables because of the good correlation between noise from the sea surface and wind speed 
(Wenz, 1962), and because wind-dependent noise is the main source of ambient noise at the site in 
the frequency range of the whale sounds (Dunlop et al., 2010). Bathymetry data on water depths in 
the study site (Beaman, 2010) and coastline data, with distances to shore (data derived from the State 
of Queensland, Department of Environmental and Resource Management 2013), were also added to 
the dataset using ArcGIS 10.0 (ESRI, 2011). Spatial data were imported using the WGS1984 datum 
and re-projected into a projected coordinate system (Transverse Mercator using UTM Zone 56S, 
WGS1984 datum) for the purpose of measuring distances between objects and events.  
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3.3.5 Data processing 
 
Surface-active behaviors (definitions available in Appendix 1) were grouped into three behavior 
categories: (1) breaching, (2) pectoral slapping and (3) fluke slapping (Table 3.1).  Focal follows were 
divided into ten minute time bins and for each time bin the presence/absence of each behavior 
category was noted using a 1 (presence) or 0 (absence). Ten minutes was chosen to ensure at least 
one complete dive cycle (a long dive followed by its subsequent surfacing interval) was included in 
each bin. 
 
A summary of all predictor variables used in the models is presented in Table 3.2. Context data were 
classified as either social or environmental and data were either averaged across a time bin (for 
number of singers within 10 km of the focal group, number of groups within 10 km of the focal group 
and water depth) or the initial observation for a time bin was used (for group composition, group 
interaction, and the distances to the nearest group or singer). Data on wind speed were available 
half-hourly from the weather station. All data were examined for sightability bias associated with 
wind speed, as well as distances both from the location of the team who recorded the focal follow and 
from the fifth observation team who collected the social context data. To reduce the chance of error 
in the data as a result of sightability issues due to weather conditions or the distance of the focal 
groups from the land stations, a proportion of the data were omitted from the analysis (observations 
in which the group was beyond 12 km from the focal land station and taken when the wind speed was 
over 30 km/hr). For the social context data collected by the fifth team of observers located at the Emu 
Mt. Station only focal groups found within 10 km of this station were included in the analysis. Finally, 
any focal groups deemed to contain a singing whale were also omitted from analysis as the effect of 
the presence of a singer nearby, but not in the group, was one of the factors we wished to examine. 
 
3.3.6 Statistical analysis 
  
All statistical analyses were carried out in R v3.0.1 (R Core Team, 2013). Mixed effects models were 
used as repeated measures were taken on the same group of whales. The ID of each group of whales 
was included as a random effect in the model. Nine predictor variables (Table 3.2) were selected with 
which to model humpback whale behavior (following recommended modeling methodology in 
Burnham and Anderson, 2002). 
 
Overall collinearity was assessed and correlated predictor variables were identified using the 
generalized variance inflation factor (gvif (1/2 df)), in the car package of R (Fox and Weisberg, 2011). 
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Variables with a gvif (1/2 df) value greater than, or close to 2 were removed in order of decreasing 
magnitude until a subset of variables remained that showed no indication of collinearity. A separate 
global mixed effects model was then carried out for each response variable (each behavior category) 
with the remaining uncorrelated predictor variables using the glmer function in the lme4 package in 
R (Bates et al., 2013). The residuals of each global model were evaluated for heterogeneity, auto-
correlation and overdispersion.   
 
To assess the evidence for the different predictor variables included in a model, an all-subsets model 
selection method was carried out following Burnham and Anderson (2002) and using the MuMIn 
package in R (Barton, 2013). Models were ranked according to their AIC values and a confidence set 
of models chosen; the selected models were those with delta AIC values of less than 2 (Burnham and 
Anderson, 2002). To account for model selection uncertainty and to obtain robust parameter 
estimates, a model averaging approach was taken (Grueber et al., 2011) and  estimates were averaged 
over the confidence set of models (Burnham and Anderson, 2002). Akaike weights for each model in 
the confidence set were calculated, i.e. the weight of evidence in favor of a model (Burnham and 
Anderson, 2002, Zuur et al. 2009). The relative importance of each predictor variable was calculated 
by summing these Akaike weights for all confidence set models containing them (Burnham and 
Anderson, 2002). Finally, evidence ratios, which provide information on the support of evidence in 
favor of one model relative to another, were calculated for the top two models for each behavior 
(Akaike weight of top model/Akaike weight of next best model) (Burnham and Anderson, 2002, Zuur 
et al. 2009). Model averaged estimates, with standard errors, 95% confidence intervals , z and p values 
are presented, and significance was set a p < 0.05. 
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3.4 Results 
 
Overall, 202 hours of focal follow data were collected comprising 94 individual focal follows ranging 
in length from 27 to 463 minutes. A total of 25 focal follows were collected during September/ October in 
2010 and 69 in the same period in 2011. After combining data into ten minute time bins then sub-setting 
for sightability cut-offs and the presence of singers, 795 data points remained from 76 focal follows. 
Of these focal followed groups, 88% displayed surface-active behaviors. The sample size for groups 
containing singers was low. By removing groups containing singers one entire focal follow and part of 
four others, a total of 30 observations, were omitted from the analysis. To ensure that the data was 
representative of natural behaviour (and groups were not influenced by vessel activity), focal follows 
where a recreational vessel came within 2 km in more than one consecutive time bin were excluded. 
As a result, no vessels were recorded within 5 km of the focal group for 75% of the time bins included 
in this analysis. 
 
We found a high correlation between water depth and distance from shore (generalized variance 
inflation factor of 1.9). Therefore, to reduce the effect of collinearity we removed distance to shore 
from further analysis as it had the highest Variance Inflation Factor. The confidence sets of models 
for breaching, fluke slapping and pectoral slapping contained between three and five models each 
(Table 3.3). In all cases there was considerable model uncertainty with no evidence ratios above 2.5.  
 
3.4.1 Environmental variables 
 
Compared to other environmental variables, wind speed displayed the highest model averaged 
relative important value in the breaching model, while water depth had the highest value in the fluke 
slapping model (Table 3.3). In the pectoral slapping model both wind speed and water depth displayed 
model averaged relative importance values of 1.0 (Table 3.3).  Model averaged estimates indicated a 
significant increase in the probability of observing breaching and pectoral slapping with increasing 
wind speed and a decreased probability of observing fluke slapping with increasing water depth 
(Table 3.4). 
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Table 3.3: Confidence sets of models for breaching, fluke slapping and pectoral slapping. Akaike weights for models in confidence sets indicated by ω. 
The model averaged relative importance for each predictor variable was calculated by summing the Akaike weights for all confidence set models 
containing them. A value of 1.0 indicates a variable is very important and occurred in all confidence set models, a value of 0.0 indicates a variable is 
unimportant and did not occur in the confidence set models. Plus signs (+) indicate the variables included in each model. 
 
Breaching Comp Group 
Interaction 
Near 
Group 
No. of 
Groups 
Near 
Singer 
No. of 
Singers 
Wind 
Speed 
Depth df logLik AICc ∆AIC ω 
 +  +    +  11 -346.34 715.0 0.00 0.48 
 +  +    + + 12 -345.87 716.1 1.13 0.27 
 +  +   + +  12 -345.98 716.4 1.35 0.25 
Model averaged relative 
importance 
 
1.0 
 
0.0 
 
1.0 
 
0.0 
 
0.0 
 
0.25 
 
1.0 
 
0.27 
   
 
Fluke Slapping Comp Group 
Interaction 
Near 
Group 
No. of 
Groups 
Near 
Singer 
No. of 
Singers 
Wind 
Speed 
Depth df logLik AICc ∆AIC ω 
  + + +    + 11 -248.05 518.4 0.00 0.26 
 + + + +    + 16 -242.90 518.5 0.06 0.26 
  + +     + 10 -249.31 518.9 0.46 0.21 
 + + +     + 15 -244.34 519.3 0.85 0.17 
 + + + +  +  + 17 -242.82 520.4 1.99 0.10 
Model averaged relative 
importance 
 
0.53 
 
1.0 
 
1.0 
 
0.62 
 
0.0 
 
0.10 
 
0.0 
 
1.0 
 
Pectoral Slapping Comp Group 
Interaction 
Near 
Group 
No. of 
Groups 
Near 
Singer 
No. of 
Singers 
Wind 
Speed 
Depth df logLik AICc ∆AIC ω 
 + +    + + + 14 -296.64 567.8 0.00 0.54 
 + +    + +  13 -271.50 569.4 1.61 0.24 
 + +  +  + + + 15 -269.47 569.6 1.74 0.22 
Model averaged relative 
importance 
 
1.0 
 
1.0 
 
0.0 
 
0.22 
 
0.0 
 
1.0 
 
1.0 
 
0.76 
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3.4.2 Social variables 
 
Group composition was the only predictor variable with a model averaged relative importance value 
>0.5 in all surface-active behavior models (Table 3.3). Generally, groups containing female/calf pairs 
only (single or multiple) were more surface-active than all other group compositions (i.e. those 
containing multiple adults only or containing female/calf pods being escorted by another adult) 
(Table 3.4).   
 
Group interaction displayed a high model averaged relative importance value in both the fluke and 
pectoral slapping models (Table 3.3). There was a significant increase in the probability of observing 
fluke slapping in the ten minute period prior to the focal group joining or being joined by another 
group (termed ‘pre-join’) and in the ten minute period prior to the focal group splitting (termed 
‘pre-split’), when compared to stable periods when the group composition was unchanged. Pectoral 
slapping, however, was significantly more likely to be observed in the ten minute periods both before 
and after the focal group was observed splitting (termed ‘pre-split’ and ‘post-split’) when compared 
to stable periods. 
 
The predictor variable representing the presence of other groups in the area had a high model averaged 
relative importance value for the breaching and fluke slapping models (Table 3.3). The probability of 
observing breaching behavior decreased significantly when the nearest neighbor was within the 
1000-2000 m and 2000-4000 m categories, when compared to when they were beyond 4000 m. Fluke 
slapping behavior was significantly more likely to be observed when the nearest neighbor was 
between 1000 and 2000 m from the focal group, when compared to when they were beyond 4000 m 
(Table 3.4).  
 
In the pectoral slapping model, the number of singing whales within 10 km of the focal group 
displayed a high model averaged relative importance value (Table 3.3), with the probability of 
observing this behavior decreasing significantly with increasing numbers of singers within 10 km 
(Table 3.4). The variable representing the distance to the nearest singer did not appear in any of the 
confidence sets of models indicating that it was not an important factor in predicting the occurrence 
of surface-active behaviors. 
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Table 3.4: Model averaged estimates, with standard errors (SE), 95% confidence intervals (CI), z 
values and p values for breaching, fluke slapping, and pectoral slapping models. Significant estimates 
are highlighted in bold. There were no ‘Lone’ animal samples for the pectoral slapping analysis. 
 
Breaching 
Predictor Variables 
Estimate SE 
 
Lower CI Upper CI z value p-value 
(Intercept) -2.54 0.68 -3.66 -0.77 3.72 0.002 
Composition (relative to Female/Calf groups)      
    Adults Only -1.22 0.91 -3.01 0.56 1.34 0.179 
    Lone Animals -0.36 0.87 -2.07 1.35 0.41 0.680 
    Female/Calf/Escort -0.26 0.34 -0.93 0.41 0.75 0.452 
    Female/Calf/Multiple Escort -0.97 0.64 -2.23 0.30 1.50 0.130 
    Multiple Female/Calf Pairs 2.19 0.71 0.81 3.58 3.11 0.002 
Near Group (relative to Beyond 4000m)      
    Within 1000m 0.33 0.42 -0.48 1.14 0.79 0.427 
    1000-2000m -0.74 0.34 -1.40 -0.09 2.22 0.026 
    2000-4000m -0.97 0.27 -1.15 -0.45 3.61 0.001 
Number of Singers -0.17 0.20 -0.57 0.22 0.85 0.393 
Wind speed 0.09 0.02 0.04 0.13 3.57 0.001 
Water Depth -0.03 0.03 -0.08 0.03 0.98 0.327 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fluke Slapping 
Predictor Variables 
Estimate SE 
 
Lower CI Upper CI z value p-value 
(Intercept) -0.60 1.03 -2.62 1.42 0.58 0.560 
Composition (relative to Female/Calf groups)      
    Adults Only -0.31 0.98 -2.22 1.60 0.32 0.749 
    Lone Animals -0.54 1.17 -2.83 1.75 0.46 0.645 
    Female/Calf/Escort 0.14 0.44 -0.73 1.01 0.31 0.757 
    Female/Calf/Multiple Escort -0.40 0.92 -2.20 1.40 0.44 0.663 
    Multiple Female/Calf Pairs 2.51 0.82 0.91 4.11 3.07 0.002 
Group interaction (relative to stable periods)      
    Pre-Join 2.04 0.61 0.85 3.23 3.36 0.001 
    Pre-Split 1.39 0.68 0.05 2.72 2.04 0.041 
    Post-Join 1.31 0.77 -0.20 2.82 1.70 0.089 
    Post-Split 0.88 0.70 -0.50 2.26 1.25 0.211 
Near Group (relative to Beyond 4000m)       
    Within 1000m -0.29 0.61 -1.49 0.91 0.47 0.635 
    1000-2000m 1.03 0.43 0.19 1.87 2.40 0.017 
    2000-4000m -0.12 0.36 -0.82 0.57 0.35 0.728 
Number of Groups -0.19 0.12 -0.42 0.04 1.62 0.105 
Number of Singers -0.10 0.25 -0.60 0.40 0.40 0.690 
Water Depth -0.10 0.03 -0.16 -0.03 2.89 0.004 
Pectoral Slapping 
Predictor Variables 
Estimate SE 
 
Lower CI Upper CI z value p-value 
(Intercept) -2.33 1.27 -4.82 0.15 1.84 0.066 
Composition (relative to Female/Calf groups)      
    Adults Only -0.50 1.07 -2.59 1.59 0.47 0.637 
    Lone Animals - - - - - - 
    Female/Calf/Escort -0.55 0.47 -1.48 0.37 1.18 0.238 
    Female/Calf/Multiple Escort -1.20 0.89 -2.94 0.55 1.35 0.178 
    Multiple Female/Calf Pairs 1.62 0.87 -0.07 3.32 1.87 0.061 
Group interaction (relative to stable periods)      
    Pre-Join 1.01 0.62 -0.21 2.23 1.62 0.105 
    Pre-Split 2.34 0.73 0.91 3.76 3.22 0.001 
    Post-Join -0.28 0.94 -2.13 1.57 0.30 0.766 
    Post-Split 1.49 0.72 0.08 2.89 2.08 0.038 
Number of Groups -0.07 0.11 -0.29 0.16 0.58 0.560 
Number of Singers -0.59 0.27 -1.12 -0.05 2.15 0.032 
Wind speed 0.10 0.03 0.04 0.16 3.12 0.002 
Water Depth -0.07 0.03 -0.14 0.0003 1.95 0.051 
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3.5 Discussion 
 
The results of our study suggest surface-active behaviors have a social function within the 
communication repertoire of humpback whales. The occurrence of these behaviors is also likely to 
be dependent on environmental context. Only one predictor variable, group composition, was 
relatively important in predicting all categories (breaching, fluke slapping, pectoral slapping). The 
fact that no other variables were important for all three categories suggests that these behaviors have 
differing functions. The particular combinations of social and environmental variables that predict 
the occurrence of each behavior category provide insight into their potential functions.  
 
We found the distance of the nearest neighbour group to be an important social variable in predicting 
breaching behavior. Previous research has suggested the sound made by breaching is used to signal 
nearby groups (Dunlop et al., 2008), and is more likely to be used for inter-group signalling when 
wind speeds, and therefore background noise levels, increase (Whitehead, 1985, Dunlop et al., 2010).  
In this study, the probability of observing breaching behavior decreased significantly when the 
distance to the nearest group was between 1000 m and 4000 m compared to beyond 4000 m, 
suggesting that it may be used for communication between groups, rather than within groups. 
Additionally, as we did not find group interaction to be a significant predictor of breaching behavior, 
this adds to the evidence that breaching is less likely to be used to mediate close-range interactions 
such as the splitting or joining of a group, and is more likely to be used to signal to other groups in 
the area. It has been found that the proportion of surface-active sounds to vocal sounds increases as 
background noise increases (Dunlop et al., 2010) which suggests that surface-active sounds are more 
readily detected in high noise conditions, although the source levels of surface active sounds and 
vocal sounds cover the same range of values (Dunlop et al., 2013). 
 
Fluke slapping behavior may play a role in close-range and between-group communication as this 
behaviour was more likely to occur when another group was within 1000 and 2000 m of the signalling 
group.  However, fluke slapping behaviors were also more likely to occur in groups prior to joining 
with another group and prior to animals splitting from a group, indicating that it is also a potentially 
important behavior in eliciting or mediating these social interactions. The use of fluke slapping 
behaviors by humpback whales has also been seen on the Hawaiian breeding grounds and in the 
coastal waters off Ecuador in a similar context, during group interactions (Baker and Herman, 1984, 
Felix and Haase, 2001), supporting the hypothesis that these behaviors are used to mediate social 
interactions. Fluke slapping is thought of as an ‘aggressive’ behavior in humpback whales, and likely 
to be used within competitive groups, which are groups in which a number of males are competing 
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for access to a female (Baker and Herman, 1984, Silber, 1986). However, in our study, fluke slapping 
was observed regularly in other group compositions and therefore potentially had multiple functions 
depending on the social context of the group.  
 
Similar to a study by Deakos (2002), who found that pectoral slapping may be used during the 
splitting of a group on breeding grounds, we found that the occurrence of this behavior significantly 
increased before and after splitting. This suggests that pectoral slapping is used for close-range or 
within-group communication in humpback whales, possibly to initiate or mediate splitting. That 
humpback whales use pectoral slapping for close-range communication is supported by the evidence 
that, as with breaching, its occurrence increases with increasing wind speeds. This may indicate that 
the use of pectoral slapping is increased in high wind speeds to improve detection of this close-range 
communication method in noisier environments. 
 
Social factors were not the only important predictors of surface-active behavior. Environmental 
factors such as wind speed, discussed above, and water depth, were also found to be important. The 
probability of observing fluke slapping behavior decreased significantly with increasing water depth. 
There are three possible explanations for this. First, there may be a sightability bias in our dataset. 
Although precautions were taken against this by omitting all data points beyond 12 km of the focal 
land station, it is still possible that some residual bias remained. Breaching behaviors were influenced 
less by depth, possibly as this behavior type is visually dramatic and more readily observed at a 
distance than pectoral or fluke slapping. The second possibility is that groups of whales travelling in 
deeper waters offshore may be more focused on migrating south compared to those in shallower 
waters inshore, who are more focused on social behavior. A third possibility is that the composition 
of the group may influence whether they use shallower or deeper waters. Previous research on 
wintering grounds have shown that humpback whale female/calf pairs or groups containing calves 
display a preference for shallow waters, possible to avoid predators or harassment from other whales 
(Smultea, 1994, Ersts and Rosenbaum, 2003, Craig et al., 2014). More detailed research is needed 
into the travel speeds and courses, and the compositions and social behavior of the groups using 
shallower and deeper waters, to better understand why water depth influences the use surface-active 
behaviors at this study site. As humpback whales are a migratory species, potentially migrating 
through waters of very varied depth, it is important to understand more clearly the reason this 
environmental factor influences their behavior. 
 
Studying the behavior of wild marine mammals is challenging and carrying out controlled 
experiments can be difficult. As a result, one of the few ways we have to investigate the functions of 
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the surface-active behaviors of these animals is by examining the contexts in which they occur and 
inferring function from the results (Whitehead, 1985).  Collection of such data can also be difficult 
given the large migratory distances, often across open ocean, covered by humpback whales. As a 
consequence, the opportunities to study the behavior of these animals on migration with simultaneous 
data on social and environmental context are rare. This study suggests that surface-active behaviors 
likely have social functions within the communication repertoire of migrating humpback whales. 
However, the precise role of each behavior may change depending on the category of behavior in 
question and the social and environmental context in which they occur. 
 
This study demonstrated that migrating humpback whales display a range of surface-active behaviors 
even when undisturbed by human activities and that these behaviors appear to play an important role 
in communication. Increasing concern over the effects of these activities has led to studies on the 
influence of anthropogenic noise on whale behavior. Such studies need to be designed in a way that 
allows specific responses to the noise to be differentiated from normal behavior.  The results then 
need to be placed in the context of the normal behavior to infer the biological significance of the 
responses, and this will in turn require understanding of the function of the normal behavior.  Studies 
of the kind reported here are therefore essential to provide the baseline data for studies on behavioral 
response to anthropogenic noise. 
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CHAPTER 4 
 
 
Factors driving the variability in diving and movement behavior of migrating 
humpback whales (Megaptera novaeangliae): implications for anthropogenic 
disturbance studies 
 
 
Surface-active behaviors were found to have a social function within the communication repertoire 
of migrating humpback whales. Breaching behavior may play a role in communication between 
groups of whales, while pectoral and fluke slapping may be involved in close-range and 
within-group communication. This chapter builds on the findings of the previous chapter by 
examining the social and environmental factors that influence the diving and movement behavior of 
migrating humpback whales. This chapter has been formatted for submission to Marine Mammal 
Science and as a consequence has American spelling. 
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Chapter 4 
 
Factors driving the variability in diving and movement behavior of migrating humpback 
whales (Megaptera novaeangliae): implications for anthropogenic disturbance studies 
 
 
4.1 Abstract 
 
Humpback whales (Megaptera novaeangliae) undertake one of the longest migrations of any 
animal and while on a broad-scale this journey appears direct, on a fine-scale, behaviors associated 
with socializing and breeding are regularly observed. However, little is known about which social 
and environmental factors influence behavior during this time. Here we examined the effect of 
multiple factors on the movement (speed and course) and diving behavior (dive and surface interval 
duration) of humpback whales during migration off the east coast of Australia. Focal data (202 
hours) were collected on 94 different whale groups with simultaneous social and environmental 
context data. Environmental factors, such as water depth and wind speed were found to be 
important predictors of dive and movement behavior whereas social factors were less influential. 
For example, groups tended to dive for longer with increased water depth but travelled more slowly 
in increasing wind speeds. These baseline studies are crucial when examining the effect of 
anthropogenic disturbance. Determining which natural factors significantly affect behavior ensures 
any observed behavioral changes are correctly attributed to the disturbance and are not a result of 
other factors. In addition, any responses observed can be put into biological context and their 
relative magnitude determined. 
 
Keywords: BRAHSS, diving, movement, behavior, humpback whale, Megaptera novaeangliae, 
anthropogenic disturbance  
65 
 
4.2 Introduction 
 
Many marine species, including marine mammals, are facing increasing levels of disturbance in 
their natural habitats (Richardson et al. 1995). As a result, a proportion of marine mammal 
behavioral research is dedicated to assessing the impacts of anthropogenic disturbance. These 
impacts have been measured using a variety of response variables, for example, flight distance and 
duration for harbor seals (Phoca vitulina) (Andersen et al. 2012), speed and course of travel for 
Indo-Pacific bottlenose dolphins (Tursiops sp.) (Bejder et al. 2006), and vocal behavior and dive 
duration for Cuvier’s beaked whales (Ziphius cavirostris) (DeRuiter et al. 2013). How animals 
respond to anthropogenic disturbance also varies greatly, both within and between species. Blue 
whales (Balaenoptera musculus) have been observed to cease deep feeding and increase their 
swimming speed in response to simulated sonar (Goldbogen et al. 2013), while bottlenose dolphins 
(Tursiops truncatus) increase their swimming speed in response to approaching vessels (Nowacek 
et al. 2001). Vocal behavior is also affected, with humpback whales increasing the length of their 
song in response to sonar (Miller et al.  2000) and killer whales (Orcinus orca) increasing the length 
of their calls in response to boat noise (Foote et al. 2004). These responses to disturbance may be 
short-term, however, they may result in longer-term impacts affecting an animal’s individual 
fecundity and survival (Harwood et al. 2014), potentially leading to more broad-scale effects or 
population-level consequences (Harwood et al. 2014).  
 
When studying the impacts of anthropogenic disturbance, baseline data on the natural behavior of 
the animals are usually needed. These data can be used for comparison purposes to examine 
behavior in the presence and absence of the disturbance in order to determine if a change has 
actually taken place. In addition, it allows researchers to determine if an observed change is outside 
the normal range of behavior of an animal. Studies that examine the effects of anthropogenic 
disturbances usually aim to test the responses of animals to a particular stimulus and are commonly 
carried out on wild populations. When conducting these experiments, a robust study design would 
involve comparing responses between control and exposed groups. In addition, all other variables 
should be controlled or accounted for so that the only difference between the two groups is the 
presence of the anthropogenic stimulus. In a study examining the effect of seismic exploration on 
the behavior of humpback whales (Megaptera novaeangliae), Atlantic spotted dolphins (Stenella 
frontalis) and sperm whales (Physeter macrocephalus), Weir (2008) controlled for environmental 
but not social factors. Similarly, the effects of environmental variables were considered in two 
studies investigating how the feeding and movement behavior of grey whales (Eschrichtius 
robustus) were affected by a seismic stimulus (Gailey et al. 2007, Yazvenko et al. 2007). However, 
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in the wild there are also many social factors, such as the presence of conspecifics, which may also 
be simultaneously influencing the behavior of study animals, and these should also be considered or 
controlled for during an experiment. Understanding the influence of all these naturally occurring 
factors during a study examining the effects of an anthropogenic disturbance is crucial for correctly 
attributing responses to a stimulus and making conclusions about the severity of the effect on the 
behavior of an animal. However, due to the mobile and cryptic nature of many wild animals, 
particularly marine mammals, these baseline data are not always available. 
 
Humpback whales migrate each year between summer feeding grounds at high latitudes and winter 
breeding grounds at low latitudes, a journey of up to 8000 km each way in some cases (Stone et al. 
1990). These migratory pathways are well documented around the world (for example, 
Chittleborough 1965, Baker et al. 1986, Darling and Cerchio 1993,  Mate et al. 1998, Acevedo et 
al. 2007, Lagerquist et al. 2008, Rasmussen et al. 2012) and, at broad scales, whales appear to swim 
a relatively constant course during migration (Horton et al. 2011). However, behaviors associated 
with breeding are also frequently observed during this time. For example, males are heard singing 
throughout migration, a vocal behavior thought to function as a sexual display (Winn and Winn 
1978, Tyack 1981, Frankel et al. 1995, Darling et al. 2006, Smith et al. 2008) and the occurrence of 
‘competitive groups’, in which males compete for access to a females, are also regularly observed 
(Brown and Corkeron 1995, Noad 2002). Therefore, on a fine scale, migration is not solely a period 
of time in which whales swim from one place to another. During this time the fine-scale movement 
and behavior of humpback whales may vary as a result of specific social and environmental 
conditions. Generally these animals do not form long-term associations, they are frequently 
observed affiliating and disaffiliating from other whales, and as a result, during migration group 
size and composition may be highly variable (Corkeron et al. 1994, Brown and Corkeron 1995, 
Noad 2002). Social factors such as the presence of a calf or a singer in a group have been shown to 
affect swimming speeds, surfacing rates and course of travel (Whitehead and Moore 1982, Noad 
and Cato 2007, Lagerquist et al. 2008). Environmental factors, such as wind speed, appear to 
influence the breaching rates of humpback whales, as well as their use of vocal versus 
surface-generated communication (Whitehead 1985, Dunlop et al. 2010). However, the combined 
effects of social factors (presence of other groups and singing whales within audible distance) and 
environmental factors (distance from land, water depth and wind speed) on migratory behavior 
remains unclear. 
 
Humpback whales are one of the most extensively studied of the large whales. From this body of 
work we know that their behavior can be affected by many anthropogenic factors. For example, 
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their swimming speed has been found to increase in the presence of whale-watching vessels 
(Scheidat et al. 2004) and surface behaviors such as ‘tail flicks’ increase in frequency during 
post-biopsy observation periods (Weinrich et al. 1992). Similarly, their diving and surfacing 
behavior is influenced by anthropogenic disturbance. The ratio of surfacing to diving time has been 
found to decrease after biopsy (Weinrich et al. 1992). There is also evidence that the vocal signals 
of humpback whales are affected by noise disturbance, with males increasing the duration of their 
‘song’ during sonar playback experiments (Miller et al. 2000). The responses of humpback whales 
to anthropogenic disturbance varies greatly, however, without an understanding of the natural range 
of behavior exhibited by these animals identifying the magnitude of any behavioral responses to a 
disturbance observed may be difficult.  
 
This study was conducted as part of the Behavioral Response of Australian Humpback whales to 
Seismic Surveys (BRAHSS) project (Cato et al. 2013). As part of this project baseline data were 
needed to correctly identify any behavioral responses observed during an experiment and to 
determine their magnitude in relation to normal behavior. Additionally, humpback whales are wild, 
free ranging animals and so information on the influence of naturally occurring factors on their 
behavior was also needed. However, these data are not currently available for migrating humpback 
whales. Therefore, the aim of this study was to determine which social and environmental factors 
influence the diving and movement behavior of humpback whales on their southward migration 
along the east coast of Australia.  
 
4.3 Methods 
 
4.3.1 Study site 
 
Data were collected from a study site at Peregian Beach (26°30’ S, 153°05’ E) on the east coast of 
Australia (Figure 4.1). Behavior surveys were carried out during September and October of 2010 
and 2011 from two locations within the study site: (1) ‘North Station’ - the balcony of an apartment 
8.6 km north of Peregian Beach (30 m above sea level, 30 m from the coast), and (2) ‘Emu Mt 
Station’ - the peak of Emu Mountain, 3 km south of Peregian Beach (73 m above sea level, 700 m 
from the coast). Both land stations had unobstructed views over the sea, although the North 
Station’s view was partially restricted by Noosa headland to the north (Figure 4.1). The water depth 
in the study site ranged from less than 10 m up to approximately 60 m.  
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Figure 4.1: The study site at Peregian Beach on the Sunshine Coast of Eastern Australia. 
Land-based survey stations (Emu Mt. and North Station) and the location of the hydrophone array 
and the base station where signals from the array were transmitted are indicated. 
 
 
4.3.2 Data collection  
 
Behavioral data on groups of whales were collected by four teams of focal observers, two at each 
land station (North Station and Emu Mt. Station), using a detailed ethogram (Appendix 1) and a 
focal sampling method (Altmann 1974, Martin and Bateson 2010). Additional data recorded by the 
observation teams included (1) the location of a focal group of whales at every surfacing, (2) the 
group composition, i.e. the number and type of animals in the focal group, and (3) the occurrence of 
any group interactions, such as when the focal group split or joined with another group (definitions 
in Table 4.1). Whales were defined as belonging to the same group if they surfaced synchronously 
within 100 m of one another (Whitehead 1983, Corkeron 1995). Data were collected at the level of 
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groups, as individual whales were not readily identifiable from the land-based survey stations. 
Initially, each of the four focal observation teams collected data on different groups of whales. 
When a group being followed by a North Station team was deemed to be mid-way between the two 
stations they were passed onto the corresponding Emu Mt. team. When a group being tracked by an 
Emu Mt. focal team moved outside the southerly limit of their visual range this group was dropped. 
This methodology enabled a maximum number of different focal groups to be tracked. Whales were 
followed at distances of up to approximately 15 km from an observation station, dependent on the 
weather. 
 
Table 4.1: Predictor variables included in each global model  
 
Category Variable  Description 
 
Social Context Comp The group composition 
 Group Interaction Involvement in an interaction with another group 
 Near Group Distance to the nearest group of whales within 10km 
 No. of Groups The number of whale groups within 10 km  
 Near Singer Distance to the nearest singing whale within 10km 
 No. of Singers The number of singing whales within 10 km  
 
Environmental 
 
Wind Speed 
 
Wind speed in km/h  
Context Water Depth 
 
Water depth in meters  
 
 
Compositions:  
Adults Only (Groups containing two adults only) 
Lone Animals (Groups containing a single adult) 
Female/Calf (A calf and a single adult, presumed to be a female) 
Female/Calf/Escort (A calf and two adults; a female and an escort) 
Female/Calf/Multiple Escorts (A calf and multiple adults; a female and two, three or four escorts) 
Multiple Female/Calf Pairs (Multiple female/calf pairs, with or without a single escort) 
 
Group Interaction: 
Stable (Group not in the process of splitting or involved in joining with another group) 
Pre/Post Join (The ten minute period before or after a join was noted) 
Pre/Post Split (The ten minute period before or after a split was noted) 
 
Distance to Nearest Group or Singer:  
Within 1000 m, 1000-2000 m, 2000-4000 m and beyond 4000 m  
 
Number of Groups: 0, 1, 2, 3, 4, or 5+ whales within 10 km of the focal group 
 
Number of Singers: 0, 1, or 2+ singing whales within 10 km of the focal group 
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Each of the four focal teams consisted of three people; a theodolite operator, a spotter and a 
computer operator. The theodolite operator used a surveyor’s theodolite to observe the behavior of 
each animal in a focal group and to track the movements of the group. The positions of whales were 
calculated using the azimuth and bearing to the waterline of the whale as well as an accurate 
measurement of the height above sea level of the theodolite. Before fieldwork commenced each 
instrument and survey station was checked and calibrated. Final theodolite operation checks were 
performed by undertaking observations to known target locations such as the GPS positions of the 
research vessels. This procedure would confirm that the theodolite horizontal and vertical 
orientation was correct and that the height of the survey station was accurate. The azimuth and 
bearing were transmitted directly to a laptop computer running the software VADAR (Visual and 
Acoustic Detection and Ranging: http://cyclops-tracker.com/ E. Kniest, University of Newcastle) 
which calculated and displayed whale positions in real time. The computer operator annotated 
theodolite positions with detailed behavioral data and information on group composition provided 
by the theodolite operator. The spotter aided the theodolite operator in locating groups of whales as 
they surfaced, taking rough positions (using degrees and reticules) using a pair of compass reticule 
binoculars (Kinglux waterproof 7x50). This observer also called out behaviors observed when 
necessary. Each North Station observation team’s laptop computer was networked in real time with 
that of the corresponding team on Emu Mt. This enabled a group of whales being tracked by a team 
at the North Station to be seen by a team at the Emu Mt. Station on their VADAR screen, increasing 
the ease and accuracy with which a group of whales could be handed over between stations as the 
whales moved from north to south through the study area.  
 
4.3.3 Social context data 
 
A fifth team of observers was located at the Emu Mt. observation station. This fifth team was 
composed of a theodolite operator, a computer operator and three spotters with binoculars. They 
recorded the location and behavior of all groups of whales in the study site at each surfacing, using 
ad libitum sampling (Martin and Bateson 2010). This enabled the distance to the nearest whale 
group and the number of groups within 10 km to be calculated for each focal follow observation. 
Distance from the focal group to the nearest group was categorized for analysis as within 1000 m, 
1000-2000 m, 2000-4000 m and beyond 4000 m (Table 4.1). Social context was therefore measured 
in the following four ways using data recorded either by one of the four focal teams or by the fifth 
observation team located at the Emu Mt. station: (1) the composition of the group (focal team), 
(2) the occurrence of any group interactions (focal team), and (3) the presence of other groups in the 
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area (fifth team), and (4) the presence of singers in the area (measured using a combination of the 
fifth team’s data and acoustic data).  
 
To determine the location and number of singing whales within 10 km of a focal group, an array of 
five acoustic buoys was deployed in a T shape configuration in the center of the study site in 
18-28 m of water (Figure 4.1). Each consisted of a surface buoy containing batteries, a 
pre-amplifier, and a VHF radio transmitter, and was connected to a hydrophone attached to a 
mooring on the seafloor (for more detailed methods see Noad et al. 2004). Each buoy transmitted 
real-time acoustics from the hydrophone to a base station on land. The hydrophone array was 
deployed for the duration of the study period and signals of interest (e.g. song) were monitored by 
an operator at the base station and recorded. Acoustic tracking of singing whales was also 
performed both in real-time at the base station as well as after the field season using the acoustic 
analysis software Ishmael (Mellinger 2001). Ishmael uses the differences between the times of 
arrival of the same sound at the different hydrophones to estimate the location of the sound’s 
source. When there was a singer in the area, their acoustic tracks were overlaid with the land-based 
observations to allow the distance to the nearest singer and the number of singers within 10 km to 
be calculated for each focal follow observation. The distance of the nearest singer to the focal group 
was then categorized for analysis as within 1000 m, 1000-2000 m, 2000-4000 m and beyond 4000 
m (Table 4.1). 
 
4.3.4 Environmental context data 
 
Data on wind speeds were obtained from an automatic weather station at the Sunshine Coast 
Airport, which was situated approximately 10 km south of the study site and monitored by the 
Australian Bureau of Meteorology. The suitability of these measurements for our study site was 
checked by making a number of our own wind measurements using an anemometer in clear air on 
the beach in front of the base station. Bathymetry (Beaman 2010) and coastline data (data derived 
from the State of Queensland, Department of Environmental and Resource Management 2013), 
specifically water depth and distance to shore, were added to the dataset using ArcGIS 10.0 (ESRI 
2011). Spatial data were imported using the WGS1984 datum and re-projected into a projected 
coordinate system (Transverse Mercator using UTM Zone 56S, WGS1984 datum) for the purpose 
of measuring distances between objects and events. 
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4.3.5 Data processing 
 
A summary of all predictor variables used is presented in Table 4.1. It was determined that, due to 
reduced sightability of groups with increased distance, reliable social context data were only 
available for focal groups found within 10 km of the Emu Mt. station where the fifth survey team 
was located. Therefore, only focal data from groups sighted within 10 km of the fifth observation 
team were included in the analysis. In addition, only data collected in wind conditions less than 
30 km/h, or where groups were less than 12 km from the focal survey platform tracking them, were 
included to minimize any potential sightability bias. 
 
Six response variables representing the diving and movement behavior of migrating humpback 
whales were used in this study. Diving behavior was described by the variables dive duration and 
surface interval duration. Swimming speed and course variation were used to represent the general 
movement behavior of whales, while migratory movement was characterized by calculations of 
speed of southward movement (speed south) and deviation from southward course of travel (course 
south) (Table 4.2). 
 
 
Table 4.2: Response variables 
Response 
Variable  
 
Description 
Long Dive Duration 
 
Surface Interval Duration 
Duration of long dives ( > 75 seconds in length) 
 
The cumulative length of time a group spent at the surface or engaged  
in shallow surface dives (< 75 seconds in length) between long dives 
 
Speed  
 
 
Course Variation 
 
Speed South 
 
Course South 
 
Swimming speed of group, measured in km/hr, the rate of horizontal 
progress over the ground over a period of 10 minutes. 
 
Change in the direction of movement of group, measured in degrees  
 
Speed of net southward movement, km/h 
 
Deviation from migratory travel, the extent to which the direction of  
travel differs from a southerly course (180º)  
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4.3.6 Diving behavior: duration of dives and surface intervals 
 
The diving behavior of humpback whales can be broadly divided into (1) long dives, where animals 
are submerged for prolonged periods and (2) surface intervals, where they undertake a number of 
short, shallow dives, emerging frequently to breathe and engage in other surface behaviors. Surface 
behaviors therefore occur in temporal bouts (Slater 1973) separated by diving intervals without 
surface activity. By defining the minimal interval separating successive bouts of surface behaviors, 
the bout criterion interval (BCI), long dives and surface intervals were objectively distinguished. 
Two methods were used to do this in order to achieve the most accurate estimate for the BCI; a 
log-survivorship analysis (Fagen and Young 1978, Martin and Bateson 2010) and an analysis of the 
frequency distribution of dive times (Dunlop et al. 2013).   
 
As all data from land-based stations were collected at a group level, and individual whales could not 
be identified to record their dive times, data from tags deployed on individual whales were used to 
calculate BCIs for this analysis. Small suction-cupped digital acoustic recording tags known as 
DTAGs (Johnson and Tyack 2003) were deployed onto a subset of whales using a 6 meter hand 
held carbon fiber pole, from the bow sprit of small research vessels, during the BRAHSS project. 
Once a tag was attached the vessel withdrew to a distance of 100 meters or more to follow the 
tagged animal. DTAGs record an animal’s depth, orientation and vocalizations while deployed 
(Johnson and Tyack 2003); however, for the purposes of this analysis only the time and depth data 
were used. The tags collected data on depth using a pressure sensor (accuracy of +/- 0.5 m) and had 
a sampling rate of 50 Hz which was decimated to 5 Hz during calibration. 
 
A log-survivorship analysis, a simple graphical method, was used to specify objectively the 
minimum interval separating successive bouts of surface behaviors, the BCI (Fagen and Young 
1978, Martin and Bateson 2010). The BCI was calculated by graphing the cumulative frequency of 
interval lengths (times between surface behaviors) on a logarithmic scale against interval length on 
a normal scale. Such a graph provides an estimation of the maximum within-bout interval and the 
minimum interval that distinguishes separate bouts (Martin and Bateson 2010). The graph contains 
a curve with two distinct parts: an initial steep declining portion, representing short dives during a 
surface interval, and a second gently declining portion representing long dives. The transition point 
between the two distinct portions of the curve is the BCI. In this study, gaps in successive surface 
behaviors that were less than the BCI were treated as short dives occurring within a bout or ‘surface 
interval’, while gaps greater than the BCI were treated as representing long dives occurring between 
bouts of surface behaviors (Figure 4.2a).  
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The second method used to estimate the BCI was an analysis of the frequency distribution of dive 
times, the intervals between successive surface behaviors. Where the frequency distribution graph 
exhibited bimodality, the intercept of the peaks corresponded to the minimal interval length which 
defines a surfacing or diving period, i.e. a surface interval or a long dive (Dunlop et al. 2013) 
(Figure 4.2b).  
 
Once a BCI and minimal interval length were determined, the focal data were divided into long 
dives and surface intervals. If the duration of a long dive was greater than 15 minutes, observers 
were presumed to have missed a surfacing event and these data were omitted from the analysis. 
Eight parameters, representing the social and environmental contexts of the focal animals, were 
chosen to model the diving behavior of humpback whales (Table 4.1). Social and environmental 
information for the initial observation after a long dive was used as context data for that dive. For 
surface intervals, the average water depth and number of singers and groups within 10 km of the 
focal group for all observation within that interval were used. Context data from the first 
observation of a surface interval was used for group composition, group interactions, and the 
categories representing the distances to the nearest group or singer. 
 
 
Figure 4.2: Graph of the analyses carried out to calculate the bout criterion interval (BCI) used to 
distinguish between long dives and surface intervals. Log-survivorship graph showing the 
cumulative frequency of interval lengths (times between surface behaviors) on a logarithmic scale 
against interval length (a). Graph of the frequency distribution of interval lengths (b). The BCI is 
highlighted with an arrow and the approximate value for each are given. 
 
BCI 
~70-80 sec 
BCI = 1.54 
(~77 sec) 
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4.3.7 Movement behavior: speed, speed south, course variation and course south 
 
For this analysis, only data recorded as theodolite positions, with information on the locations of 
whales, were included. For all analysis of movements, data were divided into ten minute periods, or 
‘time bins’, beginning with the first observation of a group of whales. Ten minutes was chosen to 
ensure at least one complete dive cycle (a long dive followed by its subsequent surfacing interval) 
was included in each bin. The exact positions of groups were usually not known for the start and 
end of each time bin as whales were likely to be submerged. Therefore, the position of the group at 
the end of one time bin and start of the next time bin was estimated by assuming that whales 
maintained a straight line and constant speed of travel between the last measured theodolite position 
in a bin and the first measured position in the following time bin. These estimated ‘bin edge’ 
positions were then used to calculate a speed and course ‘made good’ for each time bin, i.e. speed 
and course assuming the whales travelled directly from one bin edge position to the next, giving 
each bin speed and course equal weighting as they were calculated over the same time period. If no 
theodolite position was available for one or two sequential time bins, either because the whales did 
not surface or because the whales surfaced but a theodolite position was missed, the bin edge 
positions were still interpolated using the positions in the adjacent bins. If a theodolite position was 
not available for more than two bins in a row, bin edge positions were not estimated and these bins 
were excluded from the analysis. While this method artificially reduced the variance of course and 
speed, the effect of this was probably small as for each focal follow there were usually a large 
number of bins and missed positions across more than one bin were rare.  
 
Course variation (in degrees) was calculated by subtracting the absolute value of the calculated 
course ‘made good’ for each time bin from that of the previous bin. In addition to speed and course 
variation, speed of net southward movement (speed south) was also calculated by using only change 
in latitude and ignoring longitude. A negative ‘speed south’ indicated net northward movement over 
the 10 min bin. Finally, how much a group’s course ‘made good’ deviated from a direct southerly 
course of 180º, was calculated (course south).  
 
For the analysis of movement behavior we used the same eight variables that were chosen to model 
diving behavior (Table 4.1). Context data were treated in a similar manner as for diving behavior, 
with variables either averaged within a ten minute time bin or the initial observation for a time bin 
used.  
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4.3.8 Statistical modelling 
 
All statistical analyses were carried out in R v2.13.0 (R Development Core Team 2012). Data on 
long dive duration, surface interval duration, speed, and course variation were log-transformed to 
meet assumptions of normality, homoscedasticity and linearity of relationships, which were 
assessed using residual plots. Mixed effects models were used to account for the hierarchical 
variance structure in the data and the individual ID of each group was included as a random effect 
in each model. The eight predictor variables chosen were included in each response variable’s 
global model, following recommended modeling methodology in Burnham and Anderson (2002), 
and based on results of Chapter 3.  Previous work at this site has found a high correlation between 
water depth and distance from shore (Chapter 3), therefore water depth, and not distance from 
shore, was included as a predictor variable in this study. Collinearity was assessed using the 
generalized variance inflation factor (gvif (1/2 df)), in the car package of R (Fox and Weisberg 2011), 
on a model containing all predictor variables. Variables with a gvif (1/2 df) value greater than, or close 
to, 2 were removed one at a time in order of decreasing magnitude until no indication of collinearity 
remained. Each response variable’s global model residuals were evaluated for heterogeneity, 
autocorrelation and over-dispersion.   
 
A mixed effects model was carried out on each response variable (Table 4.2) using the lme function 
in the nlme package in R (Pinheiro et al. 2013), where all eight social and environmental variables 
were included as fixed effects and group ID as the random effect. A set of alternative models were 
generated from each global model using the MuMIn package of R (Barton 2013). Models were 
ranked by their AIC values and a confidence set of models was constructed, those with delta AIC 
values of <2. To account for model selection uncertainty and to obtain robust parameter estimates, a 
model averaging approach was taken (Burnham and Anderson 2002, Zuur et al.  2009, Grueber 
2011). Model averaging was then carried out on the confidence set of models for each response 
variable. Akaike weights for each model in the confidence set were calculated, i.e. the weight of 
evidence in favor of a model (Burnham and Anderson 2002, Zuur et al. 2009). The relative 
importance of each predictor variable was calculated by summing these Akaike weights for all 
confidence set models containing them. Model averaged estimates, standard errors, confidence 
intervals, z and p values are presented for each model.  
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4.4 Results 
 
Focal surveys were carried out over a total of 38 days in 2010 and 2011. In that time 202 hours of 
focal follow data were collected from 94 whale groups.  Focal follows ranged in duration from 
27 minutes to 7.7 hours. No focal follows where recreational vessels were within 5 km for 
prolonged periods were included in the analysis to ensure that the data recorded was representative 
of natural behavior. The means, and associated standard errors, for each predictor variable are 
presented in Table 4.3.  
 
4.4.1 Distinguishing between diving and surfacing periods 
 
Both a log-survivorship and a frequency of the distribution of dive times were calculated using tag 
data (Figure 4.2). A total of 46 hours of dive data from 14 tagged whales, each followed by a single 
vessel, were used. Vessels tracked whales from a distance of approximately 100 to 200 m to 
minimize their influence on the behavior of the animals. Figure 4.2a indicated a BCI of between 70 
and 80 seconds, while Figure 4.2b indicated a BCI of approximately 77 seconds. Based on these 
analyses, the BCI and minimal interval length were determined to be approximately 75 seconds. 
Therefore, all interval lengths greater than 75 seconds were considered to represent long dives, 
while those less than 75 seconds were considered to represent short, surface dives and thus part of a 
surfacing period. Each focal sample was divided into long dives or surfacing intervals based on the 
BCI of 75 seconds. The mean length of a dive in surface interval was 10.9 seconds (± SD 12.4), 
while the mean length of a long dive was 242.3 seconds (± SD 161.1). In addition, only data 
recorded in wind conditions less than 30 km/h, and where groups were within of the 10 km of the 
Emu Mt. station (the fifth observer team) and 12 km of the focal team were included to reduce 
potential sightability bias. As a result, a total of 1009 long dives from 74 focal follows, and 824 
surface intervals from 76 focal follows were included in the analysis.  
 
4.4.2 Diving behavior 
 
For both the long dive and surface interval models, the environmental factor water depth had the 
highest model averaged relative importance value (Table 4.4) indicating that group diving behavior 
was highly dependent on this factor. Dive duration significantly increased while surface interval 
duration significantly decreased in deeper water suggesting groups tended to spend more time in 
long, deeper dives and less time near the surface as water depth increased (Table 4.5). Water depths 
in this study area ranged from less than 10 m to 60 m and it is therefore considered to be a shallow 
78 
 
water environment. Social factors (group composition and the number of groups within 10 km of 
the focal group) were only important in determining the length of surface intervals (Table 4.4). 
Groups containing only adults spent a relatively short time in a surface interval while groups 
containing multiple female/calf pairs (which contained 2 or more calves) spent more time in a 
surface interval (Table 4.5). However, focal groups generally displayed shorter surface intervals 
when there were more groups in the area (Table 4.5). 
 
4.4.3 Movement behavior 
 
After dividing the data into ten minute time bins for speed and course calculations and removing 
data to reduce potential sightability bias, 495 bins from 69 focal follows remained. Wind speed 
(which ranged from 2 to 29 km/h) had high model averaged relative importance values for the 
swimming speed model and migratory movement models (speed south and course south) (Table 
4.6, 4.7).  In higher wind speeds, groups not only travelled slower but made less progression 
southwards as they deviated more from a southerly course resulting in a slower speed of southward 
movement (Table 4.8).  Water depth also had a high model averaged relative importance value in 
the course south model (Table 4.7) and groups deviated more from a southerly course as water 
depth increased (Table 4.8). However, this is more likely to be a result of the migratory path than a 
change in movement behavior, in that groups tended to deviate eastwards as they migrated further 
from the coastline and were therefore in deeper water. Groups did not significantly increase their 
course variation in deeper water nor did they decrease their speed of southwards movement. 
 
 
Table 4.3:  The mean (with standard error) for each predictor variable. 
 
Predictor Variable 
 
Mean SE 
Long Dive Duration (seconds) 
 
241.9 4.36 
Surface Interval Duration (seconds) 
 
128.7 7.33 
Speed (km/hr) 
 
4.3 0.09 
Course Variation (degrees) 
 
20.4 1.41 
Speed South (km/hr) 
 
3.3 0.13 
Course South (degrees) 
 
37.3 2.01 
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Table 4.4: Confidence set models for durations of long dives and surface intervals. Akaike weights for models in confidence sets indicated by ω. The 
model averaged relative importance for each predictor variable was calculated by summing the Akaike weights for all confidence set models 
containing them. A value of 1.0 indicates a variable is very important and occurred in all confidence set models, a value of 0.0 indicates a variable is 
unimportant and did not occur in the confidence set models. Plus signs (+) indicate the variables included in each model. 
Dive Duration Comp Group 
Interaction 
Near 
Group 
No. of 
Groups 
Near 
Singer 
No. of 
Singers 
Wind 
Speed 
Depth df logLik AICc ∆AIC ω 
        + 6 19.67 -27.24 0 0.1 
       + + 7 20.59 -27.06 0.18 0.09 
 +      + + 12 25.60 -26.86 0.38 0.08 
   +    + + 10 23.48 -26.72 0.52 0.08 
   +     + 9 22.37 -26.55 0.69 0.07 
 +       + 11 24.31 -26.34 0.9 0.06 
   + +   + + 11 24.19 -26.1 1.14 0.06 
 +   +   + + 13 26.21 -26.03 1.21 0.05 
    +    + 7 20.00 -25.89 1.35 0.05 
   +   +  + 10 23.05 -25.86 1.38 0.05 
    +   + + 8 21.00 -25.84 1.4 0.05 
   + +    + 10 22.97 -25.71 1.53 0.05 
 +  +    + + 15 28.05 -25.58 1.66 0.04 
   +   + + + 11 23.92 -25.56 1.68 0.04 
 +  + +   + + 16 29.04 -25.5 1.74 0.04 
      +  + 7 19.81 -25.49 1.75 0.04 
 +   +    + 12 24.85 -25.36 1.88 0.04 
Model Averaged 
Relative Importance 
             
0.32 0.0 0.43 0.34 0.0 0.13 0.54 1.0 
 
Surface Interval 
Duration 
Comp Group 
Interaction 
Near 
Group 
No. of 
Groups 
Near 
Singer 
No. of 
Singers 
Wind 
Speed 
Depth df logLik AICc ∆AIC ω 
 +   +    + 10 -548.256 1116.8 0 0.62 
 +   +  +  + 11 -547.718 1117.8 0.98 0.38 
Model Averaged 
Relative Importance 
             
1.0 0.0 0.0 1.0 0.0 0.38 0.0 1.0 
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Table 4.5: Model averaged estimates, with standard errors (SE), 95% confidence intervals (CI), z 
values and P values for the long dive and surface interval duration models. Significant estimates are 
highlighted in bold. 
 
 
Only one social variable, group interaction, was found to be relatively important to the movement 
behavior of whales (Table 4.7). Groups before and after splitting apart maintained a more southerly 
course compared to stable periods (Table 4.8).  The group composition had a less important effect 
on course south (Table 4.7) where female/calf pairs being escorted by multiple adults maintained a 
more southerly course of travel (course south) than groups with a single female/calf pair only 
(Table 4.8).  Groups also maintained a more southerly course (course south) when the nearest singer 
was between 2000 and 4000 m, compared to beyond 4000 m (Table 4.8). No social variables were 
significant in predicting the speed south of a group (although wind speed had a p value of 0.05), and 
none were important in predicting course variation; in fact the null model, with no variables 
included, displayed the lowest AICc value (Table 4.6, 4.8). 
Dive Duration 
Predictor Variables 
Estimate SE 
 
Lower CI Upper CI z value p value 
(Intercept) 2.070 0.076 1.921 2.218 27.347 <0.001 
Composition (relative to Female/Calf groups)     
    Adults Only 0.058 0.062 -0.065 0.180 0.923 0.356 
    Lone Animals -0.007 0.064 -0.132 0.119 0.107 0.915 
    Female/Calf/Escort -0.025 0.029 -0.081 0.031 0.870 0.384 
    Female/Calf/Multiple Escort -0.135 0.054 -0.242 -0.028 2.473 0.013 
    Multiple Female/Calf Pairs -0.126 0.090 -0.305 0.053 1.379 0.168 
Number of Groups 0.008 0.007 -0.007 0.022 1.031 0.303 
Near Singer (relative to Beyond 4000m)      
    Within 1000m -0.175 0.106 -0.382 0.033 1.647 0.100 
    1000-2000m -0.032 0.064 -0.157 0.094 0.493 0.622 
    2000-4000m -0.054 0.029 -0.111 0.004 1.826 0.068 
Number of Singers 0.017 0.020 -0.021 0.055 0.866 0.386 
Wind speed 0.003 0.002 -0.001 0.007 1.555 0.120 
Water Depth 0.009 0.002 0.004 0.013 3.611 <0.001 
Surface Interval Duration 
Predictor Variables 
Estimate SE 
 
Lower CI Upper CI z value p value 
(Intercept) 2.106 0.107 1.895 2.316 19.637 < 0.001 
Composition (relative to Female/Calf groups)     
    Adults Only -0.223 0.091 -0.404 -0.041 2.404 0.016 
    Lone Animals -0.176 0.108 -0.387 0.036 1.625 0.104 
    Female/Calf/Escort 0.055 0.046 -0.035 0.145 1.203 0.229 
    Female/Calf/Multiple Escort 0.127 0.080 -0.030 0.284 1.586 0.113 
    Multiple Female/Calf Pairs 0.350 0.116 0.120 0.581 2.980 0.003 
Number of Groups -0.027 0.012 -0.051 -0.002 2.153 0.031 
Number of Singers 0.030 0.029 -0.027 0.088 1.032 0.302 
Water Depth -0.010 0.004 -0.017 -0.003 2.657 0.008 
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Table 4.6: Confidence set models for speed and course variation. Akaike weights for models in confidence sets indicated by ω. The model averaged 
relative importance for each predictor variable was calculated by summing the Akaike weights for all confidence set models containing them. A value 
of 1.0 indicates a variable is very important and occurred in all confidence set models, a value of 0.0 indicates a variable is unimportant and did not 
occur in the confidence set models. Plus signs (+) indicate the variables included in each model. 
 
 
 
 
 
 
 
Speed Comp Group 
Interaction 
Near 
Group 
No. of 
Groups 
Near 
Singer 
No. of 
Singers 
Wind 
Speed 
Depth df logLik AICc ∆AIC ω 
       +  4 5.554 -3 0 0.28 
    +   +  5 6.409 -2.7 0.33 0.24 
       + + 5 6.241 -2.4 0.67 0.2 
    +   + + 6 7.029 -1.9 1.14 0.16 
      + +  5 5.668 -1.2 1.81 0.11 
Model Averaged 
Relative Importance 
             
0.0 0.0 0.0 0.40 0.0 0.11 1.0 0.36 
Course Variation Comp Group 
Interaction 
Near 
Group 
No. of 
Groups 
Near 
Singer 
No. of 
Singers 
Wind 
Speed 
Depth df logLik AICc ∆AIC ω 
         3 -336.495 679.0 0 0.16 
      +   4 -336.06 680.2 1.17 0.09 
       +  4 -336.327 680.7 1.7 0.07 
     +    4 -336.447 681.0 1.94 0.06 
        + 4 -336.447 681.0 1.94 0.06 
Model Averaged 
Relative Importance 
             
0.0 0.0 0.0 0.0 0.14 0.20 0.16 0.14 
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Table 4.7: Confidence set models for speed south and course south. Akaike weights for models in confidence sets indicated by ω. The model averaged 
relative importance for each predictor variable was calculated by summing the Akaike weights for all confidence set models containing them. A value 
of 1.0 indicates a variable is very important and occurred in all confidence set models, a value of 0.0 indicates a variable is unimportant and did not 
occur in the confidence set models. Plus signs (+) indicate the variables included in each model. 
 
 
 
 
Speed South Comp Group 
Interaction 
Near 
Group 
No. of 
Groups 
Near 
Singer 
No. of 
Singers 
Wind 
Speed 
Depth df logLik AICc ∆AIC ω 
       +  4 -1061.88 2131.8 0 0.53 
        + 3 -1063.72 2133.5 1.64 0.24 
       +  5 -1061.7 2133.5 1.68 0.23 
Model Averaged 
Relative Importance 
             
0.0 0.0 0.0 0.0 0.0 0.0 0.76 0.23    
Course South Comp Group 
Interaction 
Near 
Group 
No. of 
Groups 
Near 
Singer 
No. of 
Singers 
Wind 
Speed 
Depth df logLik AICc ∆AIC ω 
 + +     + + 14 -271.439 571.8 0 0.27 
  +     + + 9 -276.778 571.9 0.17 0.25 
 + +    + + + 15 -271.069 573.1 1.39 0.13 
  +   +  + + 12 -274.309 573.3 1.51 0.13 
  +    + + + 10 -276.457 573.4 1.62 0.12 
 + +   +  + + 17 -269.185 573.7 1.9 0.1 
Model Averaged 
Relative Importance 
             
0.51 1.0 0.0 0.0 0.23 0.25 1.0 1.0 
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Table 4.8: Model averaged estimates, with standard errors (SE), 95% confidence intervals (CI), z 
values and P values for speed, course variation, speed south and course south models. Significant 
estimates are highlighted in bold. 
 
 
 
 
 
 
Speed 
Predictor Variables 
Estimate SE 
 
Lower CI Upper CI z value p value 
(Intercept) 0.675 0.094 0.491 0.859 7.203 <0.001 
Number of Groups -0.012 0.009 -0.030 0.006 1.279 0.201 
Number of Singers -0.012 0.024 -0.060 0.036 0.474 0.636 
Wind speed -0.008 0.003 -0.014 -0.003 3.000 0.003 
Water Depth 0.004 0.003 -0.003 0.011 1.147 0.251 
Course Variation 
Predictor Variables 
Estimate SE 
 
Lower CI Upper CI z value p value 
(Intercept) 1.008 0.081 0.849 1.166 12.448 <0.001 
Number of Groups 0.040 0.043 -0.044 0.125 0.929 0.353 
Number of Singers -0.003 0.005 -0.012 0.007 0.577 0.564 
Wind speed -0.006 0.020 -0.045 0.032 0.308 0.758 
Water Depth 0.002 0.006 -0.009 0.013 0.309 0.757 
Speed South 
Predictor Variables 
Estimate SE 
 
Lower CI Upper CI z value p value 
(Intercept) 4.117 0.708 2.727 5.508 5.803 <0.001 
Wind speed -0.046 0.024 -0.093 0.001 1.929 0.054 
Water Depth -0.018 0.029 -0.075 0.040 0.597 0.550 
Course South 
Predictor Variables 
Estimate SE 
 
Lower CI Upper CI z value p value 
(Intercept) 0.809 0.170 0.475 1.142 4.752 <0.001 
Composition (relative to Female/Calf groups)     
    Adults Only 0.140 0.165 -0.184 0.464 0.849 0.396 
    Lone Animals -0.134 0.160 -0.448 0.180 0.838 0.402 
    Female/Calf/Escort -0.063 0.070 -0.200 0.074 0.898 0.369 
    Female/Calf/Multiple Escort -0.345 0.129 -0.598 -0.092 2.676 0.007 
    Multiple Female/Calf Pairs -0.166 0.148 -0.457 0.125 1.119 0.263 
Group Interaction (relative to stable periods)      
    Pre-Join -0.061 0.107 -0.271 0.148 0.574 0.566 
    Pre-Split -0.307 0.117 -0.538 -0.076 2.604 0.009 
    Post-Join 0.032 0.126 -0.215 0.279 0.254 0.800 
    Post-Split -0.262 0.117 -0.492 -0.032 2.235 0.025 
Near Singer (relative to Beyond 4000m)      
    Within 1000m -0.053 0.189 -0.424 0.319 0.277 0.782 
    1000-2000m -0.128 0.140 -0.402 0.147 0.912 0.362 
    2000-4000m -0.134 0.064 -0.260 -0.009 2.093 0.036 
Number of Singers -0.034 0.041 -0.115 0.047 0.821 0.412 
Wind speed 0.013 0.005 0.004 0.022 2.832 0.005 
Water Depth 0.013 0.006 0.002 0.024 2.321 0.020 
84 
 
4.5 Discussion 
 
In this study, environmental factors were the strongest predictors of the measured diving and 
movement behaviors of migrating humpback whales.  Both dive behavior (the duration of the long 
dives and surface intervals) and movement behavior (course south) were strongly influenced by 
water depth. However, there was probably some influence of the general migratory flow of whales 
through the area (on their course south) as groups tended to move offshore towards the southerly 
end of the study site. Interestingly, wind speed had a strong effect on swimming speeds where 
groups tended to slow down in windier weather conditions. Social factors, although they played a 
smaller role, were also significant predictors of diving and movement behavior, though for only two 
of the response variables examined; duration of surface intervals and course south. In general, the 
relationship between the diving and movement behavior of humpback whales, and the social and 
environmental context in which it occurs, appears complex with multiple factors influencing 
different aspects of this behavior simultaneously.  
 
One of the most important predictors of dive behavior in this study was water depth, though the 
study site is a shallow water environment. Groups tended to dive for longer in deeper (up to 60 m) 
waters, however, there was no corresponding increase or decrease in swimming speed. This 
suggests that whales were not covering greater horizontal distances when diving in deeper water but 
were potentially diving to greater depths. A cursory inspection of the DTAG dive profiles of the 
whales in this study, overlaid with location data in ArcGIS, indicated that whales swam along the 
bottom when in long dives (M. Noad, Unpublished Data). It may be more energy efficient for 
migrating whales to swim at depth (Sumich 1982) as the power requirements for swimming 
increase in waters close to the surface due to the effects of surface drag (Hertel 1966 in Sumich 
1982). As sound propagates differently to different depths (Urick 1983), whales may be exposed to 
different levels of noise depending on the amount of time they spend in different areas of the water 
column and at the surface. This in turn could have a number of implications for studies concerned 
with disturbance from anthropogenic noise. First, water depth should be accounted for in studies 
that examine the effects of anthropogenic disturbances, particularly if the bathymetry of the study 
site is not uniform, so that any change in the dive behavior observed can be attributed to the 
disturbance and not to a change in water depth. Second, a change in dive behavior during exposure 
to a noise stimulus could result in a change in the predicted maximum and cumulative levels of 
exposure a focal animal receives. Thus, accounting for water depth may also be important to studies 
which aim to examine dose responses, i.e. the potential different behavioral responses linked to 
different levels of exposure.  
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Water depth was also an important predictor in determining surface interval duration, which 
increased in shallower waters. Previous research on this population of whales at this site showed 
that there is a higher probability of observing surface-active behavior, specifically fluke and 
pectoral slapping, in shallower waters and that both of these behaviors were observed more during 
group interactions (Chapter 3). The combination of longer periods spent at the surface, i.e. a longer 
surface interval duration, and the increased occurrence of surface-active behaviors, indicates that 
whales may use shallower waters for activities such as socializing more than deeper waters. If 
whales socialize more in shallower waters, the question remains: are they solely focused on 
migrating south in deeper waters? If whales were focused on travelling in deeper water we would 
have expected both their speed and speed of southerly travel to increase with depth. This was not 
found to be the case. Therefore, it is possible that the variability in the behavior of these animals 
includes behavioral activities other than just travelling and socializing, which may be concentrated 
in specific water depths. During a study examining the effects of an anthropogenic disturbance the 
likelihood that a disturbance elicits a response may be dependent on the behavioral state or activity 
of an animal at the time of exposure. Dusky dolphins (Lagenorhynchus obscurus) have been shown 
to be more likely to change their behavior when approached by a vessel if they are resting than if 
they are travelling or socializing (Richardson and Würsig 1997). Similarly, the responses of blue 
whales (Balaenoptera musculus) to simulated mid-frequency sonar were affected by their 
behavioral state with deep-feeding and non-feeding animals more affected than surface-feeding 
animals (Goldbogen et al. 2013). This may also be the case for humpback whales and thus where an 
animal is located, in shallower waters inshore or in deeper waters further from shore, may influence 
their surfacing and movement behavior and thus their activity, making them more or less 
susceptibility to a disturbance. However, before making conclusions, similar studies should be 
repeated in a deep water environment to examine this. 
 
The movement behavior of migrating humpback whales was largely influenced by weather 
conditions. Our results suggest that it may be more difficult for whales, particularly calves, to 
maintain higher swimming speeds and a southerly course of travel as wind speed increases. In high 
sea states, which are associated with high wind speeds, the amount and size of waves increase, 
particularly in waters near the surface. Swimming in surface waters increases the power 
requirements of whales, compared to swimming in deeper water (Hertel 1966 in Sumich 1982). 
Therefore, these turbulent water conditions could possibly further increase the amount of energy 
required by a whale to maintain a similar swimming speed when compared to swimming in calmer 
waters. Similarly, the cost of maintaining swimming speed may be further increased depending on 
whether whales are moving with or against the prevailing sea as well as the height and direction of 
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the swell at the surface. However, more research including more detailed weather data are needed to 
test these hypotheses. An increased energy expenditure for young calves may have a negative 
impact on their fitness (Cartwright and Sullivan 2009). The response variables swimming speed and 
course are commonly used in studies examining the effects of anthropogenic disturbances (for 
example Richardson et al. 1986, Richardson et al. 1990, Scheidat et al. 2004). Humpback whales 
have been found to increase their swimming speed in the presence of whale watching vessels and 
their course of travel became more direct after an encounter (Scheidat et al. 2004). However, if 
wind conditions were not taken into account during this study this observed change in behavior 
could also potentially be attributed to changes in weather conditions as well as the stimulus being 
tested. As we have shown in this study these variables are highly influenced by wind speed, 
therefore, it would seem important for studies examining the effects of a disturbance to either 
control for this factor, by only recording data in similar weather conditions, or to include it in their 
analyses. As behavioral data on marine mammals is often difficult to collect, unnecessarily reducing 
sample size by disregarding data seems unnecessary. Rather it would be better to increase data 
collection effort and include the recording of a variety of environmental information, such as 
weather conditions, during an experiment to account for the influence of these factors. 
 
Humpback whales use acoustic signals to communicate, including sounds generated by 
vocalizations and those generated as a result of surface-active behaviors (Payne and Webb 1971, 
Payne 1978, Richardson et al. 1995). Vocal communication is best carried out while whales are 
submerged, as sound propagates much better under water than at the surface (Richardson et al. 
1995). On the other hand, whales carry out surface-active behaviors within a surface interval. 
Therefore, it was expected that social factors, which have been found previously to influence the 
occurrence of surface-active behaviors (Chapter 3) would also influence the length of surface 
intervals. With this in mind, it was predicted that social factors such as an increase in the number of 
groups within 10 km or a decrease in distance to the nearest neighbor, would result in a change in 
the amount of time a group of whales would spend on the surface. In this study, whales were shown 
to decrease the length of time they spent at the surface in the presence of increasing numbers of 
whale groups in the area. Whales may reduce the amount of time they spend at the surface in order 
to spend more time ‘listening’ while submerged. Alternatively, with a shorter surface interval, 
whales may decrease the number of surface-active behavior signals they produce, and increase their 
use of vocal signals, which are produced underwater. While we have shown that whales spend less 
time at the surface when more groups are nearby, more research is needed to investigate if and how 
often these whales are using vocal signals. Understanding the social conditions under which 
humpback whales use and do not use vocal and surface-generated sounds to communicate is 
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important. This information will enable studies examining the effects of noise disturbance on these 
animals to determine times or situations during which these communications may be more 
vulnerable to masking as a result of a noise disturbance.  
 
In this study we have highlighted the variability in the fine-scale diving and movement behavior of 
humpback whales and shown that these behaviors are influenced by naturally occurring 
environmental and social factors, although to differing extents. On migration whales do not simply 
swim south but also appear to be involved in other biologically important activities such as 
socializing and communicating (Chapter 3). Therefore, considering the environmental and social 
context of the behavior recorded during any study examining the effects of an anthropogenic 
disturbance is important for a number of reasons: (1)  to ensure that any observed change in 
behavior can be linked to disturbance from a stimulus and not to a natural factor which has not been 
considered as part of the experiment, (2) to calculate the correct exposure level or cumulative 
exposure level for an animal from a noise disturbance, (3) to establish if the activities of the study 
animals during exposure make them more or less susceptible to a disturbance, and (4) to determine 
the likelihood that important communication is being masked. Omitting information on social and 
environmental context during studies examining the effects of anthropogenic disturbances could 
result in the misinterpretation of results or the assignment of an observed ‘behavioral response’ to a 
stimulus rather than an unrecorded context variable.  
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CHAPTER 5 
 
 
Behavioural states in migrating humpback whales (Megaptera novaeangliae) 
 
 
So far this thesis has examined the influence of social and environmental factors on aspects of 
humpback whale fine-scale behaviour. In order to determine the population level or long-term 
effects of a change in behaviour the use of behavioural states, which may combine multiple 
response variables, may be more biologically meaningful than fine-scale events. However, the use 
of subjectively defined states may result in error being introduced into the data if definitions are 
interpreted differently by observers. Therefore, the aim of this chapter was to objectively identify 
the behavioural states of humpback whales and the proportion of time different types of groups 
spent in each of these states during their southward migration. 
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Chapter 5 
Behavioural states in migrating humpback whales (Megaptera novaeangliae) 
 
 
5.1 Abstract 
 
Behavioural states are often used to examine or describe the behaviour of animals and have the 
advantage of combining many potential response variables into fewer more biologically meaningful 
states. Behavioural states are often subjectively defined and lacking in detailed descriptions, which 
could introduce error if these definitions are interpreted differently by observers. The aim of this 
study was to objectively identify behavioural states in migrating humpback whales based on 
behavioural event and movement data. A focal sampling methodology was used to collect 202 
hours of behavioural data from 94 groups of whales.  These data were collected in the waters off 
Peregian Beach on the east coast of Australia during two field seasons in September and October of 
2010 and 2011. All data were collected during the humpback whales’ annual southward migration 
when animals were travelling from breeding grounds in tropical waters to feeding grounds in the 
Antarctic. A partitioning cluster analysis was carried out on these data and a behavioural state was 
proposed for each of the four clusters identified: ‘social’, ‘resting/milling’, ‘travel’, and ‘fast travel’. 
Each identified state had associated information on the mean swimming speed, course variation, 
speed of southward movement, rates of surface behaviours and proportion of time spent at the 
surface. The composition of groups was a significant factor in determining the proportion of time 
whales spent in each state. For example, groups containing female/calf pairs unaccompanied by 
multiple escorts were more likely to be observed in the ‘social’ state, whereas groups containing 
adults only or a female/calf pair escorted by multiple adults were more likely to be observed in the 
‘fast travel’ behavioural state. How much time groups spend in certain behavioural states may have 
implications for their welfare as they may be more or less susceptible to disturbance depending on 
their behaviour.  
 
 
Keywords: humpback whale, Megaptera novaeangliae, behavioural states, group composition, 
migration  
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5.2 Introduction 
 
Animal behaviour is composed of a complex series of movements and actions (Martin and Bateson 
2010, Alcock 2003) that make up biologically important activities such as feeding, communication 
and socialising with conspecifics (Alcock 2009).  As a result of this complexity, defining and 
measuring behaviour is challenging, particularly in the case of marine mammals that spend a large 
portion of time underwater out of sight of observers. The collection of behavioural data can focus 
on ‘events’ or ‘states’ (Altmann 1974, Mann 1999). ‘Events’ are brief behaviours that are often 
measured in frequency (Mann 1999), for example, individual ‘breaches’ by humpback whales 
(Megaptera novaeangliae) and ‘bites’ by tree kangaroos (Dendrolagus matschiei) (Hutchins et al. 
1991, Appendix 1). On the other hand, ‘states’ are longer behaviours whose duration can be 
measured (Mann 1999), and which provide an overview of the general activity of an animal. 
Behavioural states previously defined in the literature include ‘sleeping’, ‘social’, ‘searching’, 
‘flying’, ‘travel’, ‘swimming’, ‘feeding’, and ‘resting’ (e.g. Brown et al. 1994, Cavigilli 1999, 
Desrochers and Fortin 2000, Constantine et al. 2004, Lunardi et al. 2008, Guttridge et al. 2009, 
Panova et al. 2012). The decision to collect data on ‘events’ or ‘states’ depends on the level of 
detail required from a study, the ease and accuracy with which these data can be collected, and the 
questions being posed by the researchers. 
 
In animal behaviour research, behavioural states, rather than ‘events’ are used for a number of 
reasons. In marine mammal studies, they are used to investigate both natural variation in behaviour 
as well as the effects of anthropogenic disturbance. For example, researchers have used behavioural 
states to examine the natural behaviour of killer whales (Orcinus orca) and how it varied over 
multiple seasons (Baird and Dill 1995), as well as how the behaviour of humpback whales differed 
between study sites (Lunardi et al. 2008). When looking at the influence of disturbance, researchers 
have investigated whether marine mammals changed their behavioural state in response to a 
stimulus or whether animals in one state were more or less susceptible to a disturbance compared to 
those in a different state. For instance, the occurrence of ‘resting’ behaviour in bottlenose dolphins 
(Tursiops truncatus) was found to decrease in frequency when they were disturbed by an increasing 
number of vessels (Constantine et al. 2004). There is also evidence to suggest that animals in 
particular states, like ‘resting’, may be more susceptible, or react more intensely, to disturbance 
compared to those in other more active states such as ‘travelling’ or ‘socializing’ (Cantor et al. 
2010). However, the behavioural states of animals are likely to differ depending on the population 
as well as their location, i.e. on breeding or feeding grounds or during migration. Therefore, prior to 
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investigating the effects of an anthropogenic disturbance, the behavioural states of the study animal 
at the study site first need to be identified.  
 
Humpback whales are large, baleen whales that undertake extensive annual migrations between 
feeding grounds in polar waters and breeding grounds in tropical waters (e.g. Chittleborough 1965, 
Baker et al. 1986, Darling and Cerchio 1993,  Mate et al. 1998, Acevedo et al. 2007, Lagerquist et 
al. 2008, Rasmussen et al. 2012). While on a broad scale whales maintain a relatively constant 
course during these migrations (Horton et al. 2011), on a fine scale, whales do more than just travel 
between breeding and feeding grounds. Social and aggressive behaviour as well as activities 
associated with breeding, such as singing, are observed during migration (Brown and Corkeron 
1995, Noad et al. 2000, Dunlop et al. 2008, Chapter 3). In addition, while the average migratory 
travel speed for humpback whales on migration has been estimated at 4.0 km/h for non-singing 
whales, the range of swimming speeds of these animals varies and whales have been recorded 
swimming as fast as 15.6 km/h on migration (Noad and Cato 2007).  Therefore, the occurrence of 
behaviours associated with breeding and socialising and the varied travel speeds of whales 
demonstrates the variability of the behaviour of humpback whale during migration. 
 
With the exception of female/calf pairs and cooperative feeding behaviour between whales, 
humpback whales are not thought to form long-term associations (Whitehead 1983, Tyack 1986, 
Clapham 1996). They are frequently seen affiliating with and disaffiliating from other whales and 
the compositions of groups vary (Chapter 3). In addition, the behaviour of these groups may be 
dependent on the age class and sex of the whales they contain. On breeding grounds, the swimming 
speed of groups containing a mother/calf pair was found to increase as the number of escorting 
males in the group increased (Craig et al. 2014). Sub-adult whales, including calves, were twice as 
likely to be observed pectoral slapping compared to adults (Deakos 2002) and migrating groups 
containing multiple female/calf pairs were more likely to be observed breaching and pectoral 
slapping than all other groups with different compositions (Chapter 3). These surface-active 
behaviours have been associated with communication and are regularly seen during social 
interactions between groups (Baker and Herman 1984, Whitehead 1985, Deakos 2002, Dunlop et 
al. 2008, Dunlop et al. 2010, Chapter 3). Singing whales are thought to remain stationary or move 
slowly while singing (Tyack 1981) and have been shown to have a slower average swimming speed 
than non-singing whales on migration (Noad and Cato 2007). This variation in behaviour indicates 
that whales may spend different proportions of time in different behavioural states depending on the 
composition of their group. Therefore, whales in different behavioural states may be more or less 
susceptible to disturbance from different anthropogenic sources. For example, ‘resting’ individuals 
99 
 
may be more vulnerable to disturbance from passing vessels, while socialising animals may have 
difficulty communicating if noise disturbance is high. By understanding the proportion of time 
groups with different compositions spend in different behavioural states, individuals that may be 
more vulnerable to disturbance from different sources can be identified. 
 
To determine the proportion of time groups spend in different states these behavioural states first 
need to be correctly identified. Behavioural states may occur over prolonged periods of time or be 
made up of a combination of behavioural events (Mann 1999), and different states may have some 
events in common. For example, Constantine et al. (2004) identified three ‘travel’ behavioural 
states all of which were defined as involving persistent directional movement. These states were 
differentiated by the presence or absence of behavioural events that also occurred in the ‘foraging’ 
and ‘social’ states. As a result of such overlapping features, behavioural states may be difficult to 
define and therefore differentiate under field conditions. In addition, the use of subjectively defined 
states could result in a number of issues. First, error could be introduced into the data if a definition 
is not detailed and its meaning is interpreted differently by observers collecting the data. This error 
could result in incorrect states being assigned to a period of observation. Second, future studies 
would be unable to accurately replicate experiments in other areas if definitions are unclear and 
behavioural states are incorrectly assigned. Third, by confining data collection to a set number of 
predefined behavioural states the identification of new behavioural states, which may be particular 
to the location of a study site or a specific population of animals, will be difficult. Therefore, the use 
of methods to objectively, rather than subjectively, identify behavioural states from detailed 
behavioural event and movement data are important. 
 
The behaviour of marine mammal groups can be described using numerous variables such as 
specific behaviour rates (e.g. respiration rates or rates of surface-active behaviours), dive duration, 
surface interval length, course variation, swimming speed, net speed southwards movement, and 
course deviation from south (if migrating in a southerly direction) (Chapters 3, 4). However, these 
variables may also be combined to describe the behavioural states of marine mammals over a period 
of time and thus reduce the number of variables to be analysed. In addition, linking changes in 
behavioural states to changes in individual survival or reproductive success may be easier than 
linking changes in behavioural events to such parameters. For example, if the time a whale spends 
feeding is reduced due to a disturbance their ability to consume food and therefore replenish their 
energy supplies will be reduced and this could have consequences for their survival. On the other 
hand, it is difficult to determine the energy cost of an increase in travel speed or the rate of 
surface-active behaviours and therefore to relate these changes in behaviour to longer-term 
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consequences. As a result, it may be more straightforward to extrapolate long-term or population 
effects from observed short-term disruptions to behavioural states than to events. This may make 
behavioural states a more biologically meaningful measure for interpreting the effects of potential 
threats to a population or species. 
 
Humpback whales are one of the most extensively studied of the baleen whales. Despite this, there 
is little consensus on the definitions of the behavioural states identified for this species in the 
literature and to the best of our knowledge no studies objectively identify the states they examine. 
Therefore, the first aim of this study was to objectively identify behavioural states in migrating 
humpback whales using behavioural event and movement data. Behavioural event data included the 
occurrence of surface-active behaviours such as breaching, while movement data included 
calculations of the speed and course of travel of groups. By identifying the behavioural states of 
humpback whales we can determine what activities, other than migratory travel, are occurring 
during migration. The second part of the study focused on the behaviour of different whale groups 
and aimed to examine whether different types of groups were more or less likely to be observed in 
the proposed behavioural states. Groups of whales were expected to spend different proportions of 
time in each state given the differing social structures of the groups. 
 
5.3 Methods 
 
5.3.1 Study site 
 
Data were collected during September and October in 2010 and 2011 from a study site at Peregian 
Beach (26°30’ S, 153°05’ E) on the east coast of Australia. The study was conducted as a part of the 
‘Behavioural Response of Australian Humpback Whales to Seismic Surveys’ (BRAHSS) project 
(Cato et al. 2013). Detailed behavioural data on migrating humpback whales were collected by 
multiple teams of observers based at two land stations: (1) the ‘North Station’ and (2) the ‘Emu Mt. 
Station’ (Chapters 3, 4). The North Station was the balcony of an apartment block 30 meters above 
sea level and 30 meters from the shore line. The Emu Mt. Station was located on the peak of Emu 
Mountain, 73 meters above sea level and 700 meters from the shore line.  
 
5.3.2 Data collection 
 
Four teams of observers (two at each land station) simultaneously collected detailed behavioural 
data, using focal sampling methodology (Altmann 1974, Martin and Bateson 2010), on different 
101 
 
focal groups of whales as they passed through the study site. Each team used a surveyor’s theodolite 
to accurately record the positions of a focal group of whales at each surfacing, with these positions 
automatically entered into a laptop computer running the software VADAR (E. Kniest, University 
of Newcastle) (see Chapter 3 for detailed methodology). Using the theodolite and compass reticule 
binoculars (Kinglux waterproof 7x50), observers also recorded all surface behaviours observed, 
which were defined in an ethogram (Appendix 1). As well as behavioural event data, details on the 
composition of a group (whether it contained calves and adults, and the numbers of each present) 
were recorded and all data were entered into the VADAR program in real time (see Chapter 3 for 
detailed methodology). Data were collected at the level of the group as individual whales could not 
be identified from land stations. Groups were defined as whales that surfaced synchronously within 
100 meters of one another (Whitehead 1983, Corkeron 1995). The composition of groups were 
divided into six types (Table 5.1), based on the most commonly observed groupings of whales at 
this study site.  
 
5.3.3 Data analysis 
 
From the data collected in the field, seven variables were chosen to define behavioural states in this 
study: swimming speed, course variation, speed south, the number of surface-active behaviours 
(breaching, pectoral and fluke slapping) per whale, and the proportion of time a group spent at the 
surface. For the purposes of this analysis, all focal follows were divided into ten minute segments or 
‘time bins’ starting from the time of the first observation of the group. Only data collected in winds 
less than 30 km/h and where groups were within 12 km of the observation platform were included 
in the analysis to minimise sightability issues (Chapters 3, 4). A total of 87 focal follows were 
included in the analysis, which ranged in length from 1 to 22 time bins. Of these 87 focal follows 26 
were in involved in a group interaction, i.e. the group either split or another group joined the focal 
group. As a result the composition of these 26 groups changed during the course of the focal follow.   
 
5.3.4 Swimming speed, course variation and speed south 
 
The positions of groups at the start and end of each time bin were usually unknown as the whales 
were likely to be submerged. Therefore, these positions were estimated by assuming that whales 
maintained a straight line and constant speed of travel between the last measured theodolite position 
in the bin and the first measured position in the subsequent bin. If no theodolite position was 
available for one or two time bins, constant speed and direction were assumed during this time and 
the first position in the second or third bin after the last position was used for calculations. If more 
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than two consecutive bins did not have theodolite positions these bins were excluded from the 
analysis. While this method artificially reduced the variance of course and speed, the effect of this 
was probably small as for each focal follow there were usually a large number of bins, and missed 
positions across more than one bin were rare (see Chapter 4 for detailed methodology). Swimming 
speed and course ‘made good’ for each time bin were calculated by assuming that whales travelled 
directly from the estimated positions at the start and end of a time bin. Speed of southerly travel 
(speed south) was calculated by considering only the change in latitude of the animals over the time 
bin, i.e. using only southward displacement and ignoring east-west movement. Course variation was 
calculated by subtracting the absolute value of the calculated course ‘made good’ for each time bin 
from that of the previous bin. 
 
 
Table 5.1: Description of the compositions of groups, n indicates the number of time bins for each 
type of group, n/ff indicates the number of time bins per focal follow for each type of group (± SE). 
 
Code 
 
Composition Composition Description n n/ff 
AA Adult pair A group containing two adults only 
 
43 4.78 (± 0.97) 
A 
 
Lone adult A group containing a single adult or 
singing male 
 
40 4.00 (± 1.00) 
FC Female/calf pair A group containing a calf and a single 
adult, presumed to be a female 
 
261 6.21 (± 0.64) 
FCE 
 
Female/calf/escort A group containing a calf and two 
adults; a female and an escort 
 
240 6.49 (± 0.95) 
FCME Female/calf/multiple 
escorts 
A group containing a calf and multiple 
adults; a female and between two and 
four escorts 
 
45 4.50 (± 0.58) 
MFC Multiple female/calf 
pairs 
A group containing two or three 
female/calf pairs, with or without a 
single escort 
 
30 6.00 (± 1.52) 
 
 
Swimming speed and speed south were included as indicators of the movement and migratory 
movement of animals, respectively. A negative speed south indicated a net northward movement 
over the 10 minute time bin, while a positive value indicated a net southward movement. A speed 
south value close to zero suggested that animals were either stationary or travelling in an eastward 
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or westward direction. Course variation calculated in this study was the degree to which animals 
changed course between time bins. If whales were travelling in a relatively straight direction a low 
course variation was expected. Conversely, a high course variation suggested that the animals had 
changed their course of travel between one time bin and the last. However, if a group of whales 
remained relatively stationary over a period of time they may have passively moved with the 
current or tide. In addition, theodolite positions of the same group in the same location could have 
varied due to the swell on the ocean or error associated with the distance to the theodolite. These 
theodolite errors are small compared to distances covered by a swimming whale and so are not 
considered an issue for animals travelling at average speeds. For stationary or slow moving animals, 
which cover relatively smaller distances, the relatively small error associated with the speed and 
course estimations from theodolite positions may have a greater effect. Therefore, the passive 
movement of animals and theodolite error may have resulted in large changes in course between 
time bins being recorded when animals were actually stationary. Course variation values should be 
interpreted in conjunction with both measures of speed to clarify whether animals were stationary or 
moving. 
 
5.3.5 Surface-active behaviours 
 
Surface-active behavioural events such as breaching, pectoral and fluke slapping have been 
associated with social behaviour in humpback whales (Deakos 2002, Dunlop et al. 2008, 2010, 
Chapter 3). Breaching is a leap in which 50 to 100 percent of the whale’s body exits the water, 
while pectoral and fluke slapping occur when a pectoral fin or fluke is raised out of the water and 
forcibly slapped against the water surface (definitions in Chapter 3). The numbers of each of these 
behavioural events per whale in each time bin were calculated.  
 
5.3.6 Proportion of time at the surface 
 
We divided the diving behaviour of humpback whales into two categories: (1) long dives, where 
animals were submerged for prolonged periods and (2) surface intervals, where they undertook a 
number of short shallow dives, emerging repeatedly to breathe and engage in other surface 
behaviours. A bout criterion interval was used to define the minimum interval separating long dives 
and the short dives of a surface interval (see Chapter 4 for details). Based on this, the surface 
intervals of each focal follow were identified and the proportion of time in surface intervals was 
calculated for each time bin. 
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5.3.7 Identifying behavioural states – cluster analysis 
 
All statistical analyses were carried out in R v3.0.1 (R Core Team 2013). In this study, each data 
point consisted of data from an individual time bin which included calculations of the seven 
variables chosen to define behavioural states in this study: swimming speed, course variation, speed 
south, the number of surface-active behaviours (breaching, pectoral and fluke slapping) per whale, 
and the proportion of time a group spent at the surface. The non-hierarchical partitioning clustering 
method ‘k-means’ was chosen for this analysis. This method was chosen as our aim was to identify 
specific patterns or groupings in the behavioural data collected. K means clustering partitions the 
data points, in this case time bins, into a specified number of clusters in such a way that the sum of 
squares from the points to their assigned centres is minimized (R Core Team 2013). R uses an 
efficient algorithm by Hartigan and Wong (1979) to carry out this partitioning. Prior to data 
analysis, any time bins with missing movement metrics (due to more than two time bins without 
theodolite positions occurring consecutively) were removed. In addition, the measurement units of 
variables differed, i.e. speed was measured in kilometres per hour and course variation was 
measured in degrees. Therefore, each variable was standardised to unit variance prior to analysis, 
which converts the original measurements into unitless variables (Kaufman and Rousseeuw 2005, 
Everitt et al. 2011). The k-means method requires the number of clusters to be extracted to be 
specified prior to completing the analysis and the NbClust package in R (Charrad et al. 2013) was 
used to do this (Kabacoff 2011). This package provides multiple indices for determining the number 
of clusters and based on the results obtained proposes the best clustering scheme. Each index 
recommends an optimal number of clusters to be extracted from the data. The results of all 
twenty-four indices are combined and presented graphically in Figure 5.1, where the number of 
indices versus the number of clusters they recommend is plotted; the number of clusters 
recommended by the most indices was chosen. Once the number of clusters to be extracted was 
determined, a k-means analysis from the R package ‘stats’ (R Core Team 2013) was completed on 
the data. This method assigned each time bin to a cluster. The means of the non-standardised data 
assigned to each cluster were then calculated and behavioural states were proposed based on these 
values. The mean values for speed, course variation, speed south, number of breaches, pectoral and 
fluke slaps per whale, and proportion of time at the surface for each cluster identified are presented 
in Table 5.2.  
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5.3.8 Group composition and identified behavioural states 
 
Each time bin in the dataset was assigned a behavioural state based on the k-means cluster analysis 
and for each bin the occurrence or non-occurrence of each state was noted using a 1 (occurrence) or 
0 (non-occurrence). The composition of the group (Table 5.1) for each time bin was also known. 
Mixed effect models were used to determine if whale groups with different compositions (the 
predictor variable) were more or less likely to be observed in each of the proposed behavioural 
states, using the ID of each group of whales as a random effect as there were repeated observations 
from each group. Separate binomial mixed effects models were carried out for each behavioural 
state (the response variable) using the glmer function in the lme4 package in R (Bates et al. 2013). 
The residuals of each global model were evaluated for heterogeneity, auto-correlation and 
overdispersion, with significance set to p < 0.05. Within-model results are presented as z values 
with associated p values. In addition, the proportion of time a group spent in each behavioural state 
was calculated for individual focal follows. As focal follows differed in duration, these proportions 
were then averaged across focal follows for each type of group for each behavioural state and the 
results are presented as a bar plot with standard errors (Figure 5.2). This effectively normalised the 
length of each focal follow and longer focal follows did not have a disproportional effect on the 
values calculated. 
 
5.4 Results 
 
5.4.1 Identifying behavioural states – cluster analysis 
 
Eight out of the twenty-four indices provided by the NbClust package suggested a four-cluster 
solution (Figure 5.1). Based on these results, four clusters were extracted from the k-means 
analysis. The means, with associated standard errors, of the non-standardised data for all time bins 
in each of these clusters are presented in Table 5.2 and behavioural states are proposed based on 
these results. Cluster 1 was characterised by a large proportion of time spent at the surface and a 
high occurrence of all three surface-active behaviours compared to other clusters. As a result, the 
whales in these time bins were considered to be in a ‘social’ behavioural state. Cluster 2 was 
characterised by slow swimming speed, low surface-active behaviour rates, a speed of southerly 
movement close to zero and relatively high course variation. As a result of these characteristics, 
whales in the time bins assigned to this cluster were considered to be in a ‘resting/milling’ 
behavioural state. Cluster 3 was not characterised by high values of any variable but by a medium 
or average migratory swimming speed (Noad and Cato 1997) and low levels of surface-active 
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behaviour, and whales were therefore considered to be in a ‘travel’ behavioural state. Finally, 
cluster 4 was characterised by a relatively fast swimming speed, high speed of southerly movement, 
and a low level of course variation and surface-active behaviour; therefore, whales in these time 
bins were considered to be in a ‘fast travel’ behavioural state.  
 
 
Figure 5.1: Plot to objectively determine the number of clusters to extract from the partitioning 
cluster analysis; this plot shows the numbers of indices recommending each number of clusters 
from the results of the NbClust analysis. Eight of the indices recommended a four cluster solution. 
 
 
5.4.2 Group composition and identified behavioural states 
 
Whale groups spent different proportions of their time in the behavioural states identified in this 
study depending on their composition type. The analysis in this study identified two different travel 
states for migrating humpback whales; ‘travel’ and ‘fast travel’. With the exception of lone animals, 
all group compositions spent approximately half their overall time in the ‘travel’ behavioural state 
(Figure 5.2c) with a mean swimming speed of 4.16 km/h (± 0.05 SE) (Table 5.2). Groups that spent 
a large proportion of their time in the ‘fast travel’ state included only adult whales or more than one 
adult whale, i.e. were adult-only groups or female/calf pairs escorted by at least one adult. 
Specifically, groups containing a female/calf pair escorted by multiple adults and lone adults 
displayed the largest proportion of time in the ‘fast travel’ state (41%), followed by adult pairs 
(25%), and female/calf pairs escorted by a single adult (23%) (Figure 5.2d). Groups containing 
multiple female/calf pairs were never observed in the ‘fast travel’ state and unaccompanied single 
female/calf pairs rarely swam at ‘fast travel’ speeds (Figure 5.2d). These groups spent only 5% of 
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their time in the ‘fast travel’ state and were statistically less likely to be observed in this state than 
all other group types (Figure 5.2d, Table 5.3d). In contrast to the ‘fast travel’ state results, groups 
containing multiple female/calf pairs and unaccompanied single female/calf pairs were significantly 
more likely to be observed in the ‘social’ state than single female/calf pairs accompanied by escorts 
(Table 5.3a). Groups containing multiple female/calf pairs spent the largest proportion of time in 
this state (53%), while other types of groups spent less than 15% of their time in this state (Figure 
5.2a). The ‘resting/milling’ state identified in this study was characterised by its relatively slow 
swimming speed and all groups, with the exception of multiple female/calf pairs, spent between 10 
and 25% of their time in this state. (Figure 5.2b).  
 
 
Table 5.2: Mean values for speed, course variation, speed south, number of breaches, pectoral and 
fluke slaps per whale, and proportion of time at the surface (with standard errors) for each cluster 
identified. The number of time bins assigned to each cluster are also indicated. 
 
Cluster 
 
1 2 3 4 
 
Speed (km/h) 
 
 
3.75 (± 0.17) 
 
2.46 (± 0.17) 
 
4.16 (± 0.05) 
 
8.13 (± 0.48) 
Speed south (km/h) 
 
2.94 (± 0.25) -0.36 (± 0.20) 3.77 (± 0.06) 7.06 (± 0.20) 
Course variation (degrees) 
 
26.01 (± 3.34) 51.52 (± 3.70) 12.25 (± 0.61) 15.57 (± 2.99) 
No. breaches per whale 
 
4.18 (± 0.44) 0.07 (± 0.02) 0.15 (± 0.03) 0.19 (± 0.08) 
No. pectoral slaps per whale 
 
4.99 (± 1.29) 0.47 (± 0.16) 0.32 (± 0.08) 0.25 (± 0.15) 
No. fluke slaps per whale 
 
4.60 (± 0.83) 0.12 (± 0.06) 0.14 (± 0.03) 0.46 (± 0.21) 
Proportion of time at surface 
 
0.83 (± 0.02) 0.27 (± 0.02) 0.26 (± 0.01) 0.37 (± 0.03) 
No. of time bins 
 
70 158 356 75 
 
Proposed state 
 
 
SOCIAL 
 
RESTING/ 
MILLING 
 
TRAVEL 
 
FAST 
TRAVEL 
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Figure 5.2: The average proportion of time (in percent) spent by each type of group in each of the 
proposed behavioural states (with associated standard errors): (a) social, (b) resting/milling, 
(c) travel, (d) fast travel. The group types include 2 adults only (AA), a single adult (A), a 
female/calf pair (FC), a female/calf pair and a single escort (FCE), a female/calf pair and between 
two and four escorts (FCME), and multiple-female/calf pairs, with or without a single 
escort  (MFC). 
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Table 5.3: Mixed model estimates, with standard errors (SE), z values and p values for each 
behavioural state model (df = 85). Results indicate the probability of observing each type of group 
(compared to the baseline type indicated) in a (a) social, (b) resting/milling, (c) travel, or (d) fast 
travel behavioural state. A negative estimate indicates a decreased probability; a positive estimate 
indicates an increased probability. Significant results are highlighted in bold. There were no 
multiple-female/calf time bins for the fast travel state. 
 
(a) Social State Estimate SE z value p value 
 
Group type relative to female/calf pairs 
Adults -1.91 1.14 -1.68 0.093 
Lone -1.97 1.15 -1.71 0.087 
Female/calf/escort -1.91 0.67 -2.86 0.004 
Female/calf/multiple escort -2.81 1.34 -2.10 0.036 
Multiple female/calf 2.23 0.86 2.58 0.010 
 
(b) Resting/Milling State Estimate SE z value p value 
 
Group type relative to female/calf pairs   
Adults -1.57 1.22 -1.39 0.163 
Lone -0.12 1.01 -0.12 0.906 
Female/calf/escort -0.47 0.45 -1.05 0.293 
Female/calf/multiple escort -1.83 1.05 -1.74 0.081 
Multiple female/calf -2.51 1.72 -1.46 0.146 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(c) Travel State Estimate SE z value p value 
 
Group type relative to female/calf pairs   
Adults 0.51 0.80 0.63 0.527 
Lone -1.48 0.88 -1.67 0.095 
Female/calf/escort 0.23 0.38 0.60 0.550 
Female/calf/multiple escort -0.04 0.70 0.06 0.952 
Multiple female/calf -1.14 0.76 -1.50 0.133 
(d) Fast Travel State Estimate SE z value p value 
 
Group type relative to female/calf pairs  
Adults 3.48 1.29 2.69 0.007 
Lone 4.28 1.30 3.29 0.001 
Female/calf/escort 3.06 0.90 3.40 0.001 
Female/calf/multiple escort 4.12 1.11 3.71 <0.001 
Multiple female/calf - - - - 
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5.5 Discussion 
 
Humpback whales are highly migratory species that travel large distances between sites with 
favourable conditions for breeding and feeding (Chittleborough 1965). There is increasing evidence 
that activities such as feeding, socialising and behaviour associated with breeding occur during 
migration (e.g. Corkeron et al. 1994, Brown and Corkeron 1995, Dunlop et al. 2007, Stamation et 
al. 2007). In this study, fine-scale behaviour and movement data and a partitioning cluster analysis 
were used to objectively identify the behavioural states of migrating humpback whales and the 
proportion of time different types of groups spent in each of these states during their southward 
migration off Peregian Beach. The behaviour of humpback whales on migration is complex and 
influenced by many social and environmental factors (Chapters 3, 4), and in this study four different 
behavioural states were observed. Although whales were migrating south, two different travel states 
were identified: a ‘travel’ state characterised by an average migratory swimming speed, and a ‘fast 
travel’ state differentiated by an above average swimming speed. In general, whales were most 
often observed in the ‘travel’ behavioural state. This result was expected given that groups were 
migrating through the study area and an average swimming speed of 4.0 km/h has previously been 
recorded for non-singing humpback whales on migration (Noad and Cato 1997). In addition to these 
states, two others representing behaviour other than travel were also identified: a ‘social’ state, 
characterised by high rates of surface-active behaviours, and a ‘resting/milling’ state characterised 
by a low average swimming speed. The surface-active behaviours of humpback whales have been 
linked to play in calves and social communication in adults (Deakos 2002, Dunlop et al. 2008, 
Chapter 3) and the ‘social’ behavioural states defined in the literature are generally characterised by 
these behaviours (Brown et al. 1994, Lunardi et al. 2008). ‘Resting’ is associated with stationary or 
motionless animals who are not involved in any surface-active behaviours (Brown et al 1994, 
Lunardi et al 2008), while ‘milling’ is associated with movement in varying directions within a 
small area (Morete et al. 2007). These results highlight that migration is not just a period when 
whales are simply travelling, with other potentially important activities also occurring during this 
time. 
 
The likelihood of observing groups with different compositions in the four behavioural states 
identified in this study depended largely on whether they contained female/calf pairs with or 
without escorting adults. All groups, irrespective of their composition, spent a proportion of their 
time in states not associated with travel at mean migratory swimming speeds. Groups containing 
multiple adults escorting a female/calf pair spent a large proportion of their time in the ‘fast travel’ 
state. These groups are often referred to as competitive groups and are characterised by their fast 
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swimming speeds and aggressive behaviours (Tyack 1981, Tyack and Whitehead 1983, Baker and 
Herman 1984, Weinrich 1995, Craig et al. 2014) and involvement in competitive groups is thought 
to increase the energy expenditure of calves (Cartwright and Sullivan 2009). On the other hand, 
groups containing multiple female/calf pairs showed the most social behaviour and were never 
observed in the ‘fast travel’ state. Groups containing lone female/calf pairs, unaccompanied by 
escorts, were also social and were rarely seen in the ‘fast travel’ state. The ‘social’ behaviour state 
was characterised by a high occurrence of surface-active behaviour and for young whales and 
calves both pectoral slapping and breaching behaviour are thought to function as a form of play 
(Whitehead 1985, Deakos 2002). For other cetacean species it has been suggested that play 
behaviour may provide animals an opportunity to practice locomotor skills and learn social skills 
important in foraging and mating (Kuczaj and Eskelinen 2014). Other types of groups were also 
observed in the ‘social’ behaviour state, but most only rarely. For these groups the use of 
surface-active behaviour is presumably linked with involvement in group interactions (Chapter 3) 
rather than play.  
 
The states identified in this analysis are largely consistent with those defined by Brown et al. (1994) 
for the same population of whales during their northward and southward migration at a site 
approximately 130 km south of Peregian Beach. The ‘social’ states defined by Brown et al. (1994) 
and identified here were both characterised by the occurrence of surface-active behaviours such as 
breaching. The Brown et al. (1994) ‘resting’ state was characterised by stationary animals and a 
lack of surface-active behaviour, similar to the ‘resting/milling’ state identified in the current study. 
However, some disagreement is encountered in the ‘travel’ behavioural state, likely due to 
differences in data collection methods. Brown et al. (1994) defined a single ‘travel’ state, while the 
present study identified two separate travel states differentiated primarily by swimming speed. The 
close proximity of research vessels to animals in the Brown et al. (1994) study enabled the 
orientation of animals in relation to one another to be noted and included in the definitions of 
behavioural states. In the current study, data were collected from land-based platforms and as a 
result information on the orientation of animals could not be recorded. Data collection from 
research vessels enables detailed information on the behaviours of individuals within a group to be 
collected. However, more accurate estimates of undisturbed or natural swimming speeds can be 
made from land-based platforms as the presence of research vessel may alter the behaviour of 
animals. 
 
Many behavioural states have been suggested in the literature on humpback whales that were not 
identified in this study. At this site, states such as ‘foraging’ or ‘feeding’ (Christiansen et al. 2013) 
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were not expected as whales are assumed to be fasting on this part of their migration (Paterson 
1991) and no feeding lunges were observed (pers. obs.). Lunardi et al. (2008) recorded an ‘active’ 
and an ‘aggressive’ state, defined by the occurrence of behaviours such as tail breaching, 
head-lunging and trumpeting, that have previously been recorded at this site (Dunlop et al. 2007, 
Chapter 3). These behaviours are often associated with ‘competitive groups’ (Tyack 1981, Tyack 
and Whitehead 1983, Baker and Herman 1984, Weinrich 1995) and groups matching this 
description have also been recorded at this site (Chapters 3, 4). However, the Lunardi et al. (2008) 
study was carried out during the humpback whales’ breeding season and behaviours associated with 
competitive groups may be more commonly observed then than during migration. In this study, the 
number of competitive groups focal followed was small when compared to the sample size for 
female/calf and female/calf/escort groups, which were the most commonly seen group type 
migrating through the study site. In addition, many of the behaviours associated with competitive 
groups, such as body impacts and trumpeting, were not readily identifiable from land-based 
observation platforms. Therefore, these ‘aggressive’ behaviours could not be included in this 
analysis. Carrying out focal follows from a research vessel, rather than from a land-based station, 
may have improved the dataset in that these behaviours would have been captured and a 
‘competitive’ state may have been found. The trade-off, however, is that the presence of the 
research vessel may have a significant effect on the behaviour of the whales.  
 
Other behavioural states recorded in the humpback whale literature but not identified as separate 
states in this study are ‘resting’ and ‘milling’ (Clapham and Mattila 1993, Morete et al. 2007). 
Milling behaviour has been defined as “swimming, however in varying direction, within a small 
area” and ‘resting’ is described as “floating motionless, lying at the surface” (Morete et al. 2007). In 
this study a single state representing resting and milling behaviour was identified. ‘Resting’ and 
‘milling’ are both relatively inactive states when compared to the ‘fast travel’ and ‘social’ states 
identified here. The nature of these states potentially made them difficult to differentiate from 
land-based observation platforms, and it is possible that some observations were missed. In 
addition, the types of groups that are thought to spend a large proportion of their time in these states 
may be underrepresented in this study, particularly lone animals and singing whales. Although 
singing whales at this study site could be tracked (Chapters 3, 4), only 2 of the 10 lone animals that 
were focal followed were singing whales and their surface behaviours may not have been indicative 
of their behaviour underwater. Similarly, nursing has been observed at this study site (M. Noad. 
pers. obs.) and while this is a very important and unique behaviour, from land-based platforms it 
may appear similar to logging behaviour (Appendix 1). The ‘resting/milling’ behavioural state 
identified in this study may therefore include multiple potential behavioural states or activities 
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(resting, milling, singing, and nursing) that could not be separately identified with the data available 
here. The addition of more detailed data on course variation within time bins or over multiple bins 
and more accurate positions of whale groups would potentially help separate stationary (resting) 
behaviour from meandering (milling) behaviour. Evidence in the literature suggests that animals in 
particular states such as ‘resting’ may be more susceptible to disturbance (Cantor et al. 2010). As a 
result, if these states can be identified and certain types of groups are found to spend more time in 
these susceptible states, they may therefore be more vulnerable to disturbance. 
 
Although many studies use behavioural states to describe the behaviour of marine mammals or to 
examine their response to an anthropogenic disturbance, there is little consensus on the definitions 
of these states. Surface-active behaviours associated with ‘social’ behaviour are regularly observed 
during migration at this study site (Chapter 3).  However, from behavioural event data it is difficult 
to determine if animals are engaged in other behavioural states not readily identifiable by 
conspicuous surface behaviours, or if whales are merely travelling southward towards their feeding 
grounds.  In addition, the behaviour of migrating humpback whales is variable and influenced by 
many social and environmental factors (Chapters 2, 3). As a result, characterising the behaviour of 
these animals into general behavioural states in the field is challenging. By employing an objective 
methodology for identifying behavioural states, the issues associated with the use of subjective 
definitions are reduced. Behavioural states are normally identified by observers in the field based on 
a predefined set of characteristics. In this study a statistical method was used to identify states based 
on behavioural event and movement data. Therefore, there was a decreased likelihood of 
introducing error due to the differing interpretations of state definitions by observers and 
subsequent misclassification of a behavioural state. While some observer subjectivity remains, for 
example observers collected the behavioural event data and the variables included in the analysis 
were subjectively chosen, the selection of variables was carried out after data collection. As a result, 
the decision to include certain variables could be changed and the analysis repeated as required, 
which is preferable to making decisions in the field that cannot be reversed. In this study, seven 
variables were chosen for inclusion in the analysis: swimming speed, course variation, speed south, 
breaching rates, pectoral slapping rates, fluke slapping rates, and proportion of time at the surface. 
These variables were chosen based on previous research at the study site (Chapters 3, 4) and on the 
characteristics of the behavioural states identified by other researchers for humpback whales. The 
inclusion of other variables in the analysis, such as the duration of dives, the occurrence of 
competitive behaviours or whether or not a whale was singing, may have aided the identification of 
addition behavioural states, specifically ones associated with singers. However, the sample size for 
singing whales in this study was low and an increase in the number of focal follows for this type of 
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group would be needed to include singing as a variable in the analysis. In addition, the inclusion of 
more fine-scale and close-range (and potentially underwater) observations, which were not 
available for this study, may also have resulted in the identification of more specific behavioural 
states associated with competitive or nursing behaviour. Finally, when beginning a study, a decision 
is made on the level of detail of data collection, i.e. whether to collect behavioural event or state 
data, as there are rarely the resources for both to be collected simultaneously. By using the method 
proposed in this chapter, event and movement data are initially collected, however, as we have 
shown, these data can be utilised to identify states and therefore research questions relating to both 
event and state data can be answered.  
 
This study highlights that the whales on their southward migration exhibit at least four different 
identifiable activities: ‘travel’, ‘fast travel’, ‘socialising’ and ‘resting/milling’. The results also show 
that the different group compositions spend differing proportions of their time in certain 
behavioural states, which may have implications for their welfare as they may be more vulnerable 
to disturbance depending on their behaviour. The methodology used to objectively identify 
behavioural states in humpback whales in this study will reduce the potential error associated with 
subjectively defined behavioural states. Behavioural state data have been used to describe the 
behaviour of many marine mammal species (Baird and Dill 1995, Constantine et al. 2004, Panova 
et al. 2012) and thus the issues associated with subjectively defined states may not be confined to 
research on humpback whales. Although the data in this study came from migrating humpback 
whales the methodology used to identify behavioural states may be applicable at different sites, 
during breeding or feeding seasons and to other marine mammals for which behavioural event and      
movement data are available.  
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CHAPTER 6 
 
 
General Discussion 
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6.1 Summary 
 
Despite the extent of the migratory journeys of humpback whales, little is known about the 
undisturbed behaviour of these animals during this time compared to when on their feeding and 
breeding grounds. Therefore, the overarching aim of my thesis was to investigate which naturally 
occurring factors influence the fine-scale behaviour of humpback whales as they migrate southward 
along the east coast of Australia. In order to achieve this, focal follows were conducted on 94 
groups of whales and information on the social and environmental contexts of these groups was 
simultaneously collected. Prior to the analysis of these focal follow data I examined the reliability 
and validity of the behavioural data collected by observers working on the project. As a result of 
this examination, the behaviours of the ethogram were categorised to maximise the accuracy and 
reliability of the dataset overall. The focal follow data were then used to determine which social and 
environmental factors influence the natural behaviour of humpback whales. The results of my thesis 
highlight the complexity of the behaviour of migrating humpback whales, with multiple factors 
found to be important predictors of their behaviour. I found that the surface-active behaviour of 
whales was related to social factors, and my results add to our understanding of how these 
behaviours function as part of the communication repertoire of whales. In contrast, environmental 
factors were most important in predicting diving and movement behaviour, with dive durations 
increasing in deeper waters and swimming speeds decreasing in windier weather. While fine-scale 
behaviour was the primary focus of my thesis, broader measures, such as behavioural states, may 
also be important to understand and can be used to reduce a large number of response variables into 
a smaller number of states. I identified four behavioural states from the detailed behavioural event 
and movement data collected on groups of humpback whales. As expected, the results showed that 
all types of groups spent a large proportion of their time in the behavioural state characterised by an 
average migratory swimming speed. However, migration is not simply a time when whales are 
moving between feeding and breeding grounds. This study also identified a ‘social’ state (more 
common in groups containing multiple female/calf pairs), a ‘fast travel’ state (associated with 
groups containing multiple adults), as well as a ‘resting/milling’ state. My results provide baseline 
data on the natural and undisturbed behaviour of humpback whales on migration and can be used by 
other studies to better determine the responses of these animals to anthropogenic disturbances. 
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6.2 The behaviour of humpback whales on migration 
 
The marine environment is a complex with many factors potentially influencing the behaviour and 
movement of the animals that live there. Previous studies have shown that naturally occurring 
factors such as wind, group social structure (termed group composition in this thesis), interactions 
among groups and water depth may influence different aspects of the behaviour of humpback 
whales at breeding grounds and during migration (Baker and Herman 1984, Whitehead 1985, 
Smultea 1994, Félix and Haase 2001, Deakos 2002, Erst and Rosenbaum 2003, Dunlop et al. 2010). 
However, in reality, these factors are likely to interact to influence behaviour (for example, Craig et 
al. 2014). This is one of the first studies to consider the combined effects of a number of both social 
and environmental factors on multiple aspects of the fine-scale diving, movement and 
surface-active behaviour of migrating humpback whales.  
 
6.2.1 Effects of social factors on whales’ behaviour 
 
Humpback whales are well known for the broad variety of surface-active behaviours they perform 
(e.g. Whitehead 1985, Corkeron 1995, Deakos 2002). It has been suggested that breaches may 
function to dislodge barnacles from the bodies of humpback whales (Félix et al. 2006). However, to 
date no studies have been carried out test this hypothesis (Félix et al. 2006). It is more widely 
accepted that these behaviours are used for communication by humpback whales (Whitehead 1985, 
Deakos 2002, Dunlop et al. 2008, Chapter 3), or as a form of play in young animals (Whitehead 
1985, Deakos 2002). In this thesis, the social environment of a group of whales was found to be 
particularly important in predicting their surface-active behaviour. This social environment included 
the composition of the group, whether or not they were involved in an interaction with another 
group, as well as the proximity and number of other groups of whales and singers in the area. 
Previous studies have linked the use of surface-active behaviours to group interactions and the 
proximity of other whale groups (Baker and Herman 1984 Deakos 2002, Dunlop et al. 2008, 
Chapter 3). My results add to the current evidence suggesting that surface-active behaviours may be 
used for communication between distant groups of whales as well as for close-range and 
within-group communication (Chapter 3). However, other studies have found that humpback whale 
calves display higher levels of certain surface-active behaviours than adult whales (Deakos 2002). 
As data for this thesis were collected at the level of the group, it is unclear what proportion of the 
surface-active behaviours observed were carried out by calves specifically. I found that groups 
containing multiple calves spent the largest proportion of time in the ‘social’ behavioural state 
identified in this thesis (characterised by high surface-active behaviour rates) (Chapter 5) and were 
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more likely to be observed breaching and pectoral slapping than all other group types. Therefore, it 
appears that when more than one calf occurs in the same group the surface-active behaviour rates of 
that group increase. These surface-active behaviours may function as a form of play in young 
humpback whales (either practice of adult behaviours or as social play behaviour), particularly 
when multiple calves occur together, however, this is unlikely to be their sole purpose.  
 
Although the surface-active behaviour of humpback whales is likely part of their communication 
repertoire, it remains unclear if these behaviours serve as an acoustic or visual signal to other 
whales. It has been suggested that there may be a visual component to some of the behaviours 
observed during aggressive interactions between males (Baker and Herman 1984). Behaviours such 
as ‘charging’ and ‘head lunging’ have been observed within competitive groups and may present a 
visual display to other competing whales (Baker and Herman 1984). However, for behaviours to 
function as a visual signal both the signaller (the animal preforming the behaviour) and the intended 
receiver of the signal would either have to be at the surface simultaneously or within relatively close 
range of one another (Whitehead 1985). For submerged animals, the light and water clarity 
conditions would need to be sufficient for visual detection of these signals (Würsig et al. 1990). The 
evidence I have presented suggests that breaching may be used for communication between distant 
groups; it is doubtful that there is a large visual component to this signal when whales are 
kilometres apart and unlikely to be able to see another whale breach. On the other hand, I have 
shown that the probability of observing both fluke and pectoral slapping increases during group 
interactions, suggesting that these behaviours may be used for more close-range and within-group 
communication. Therefore, these surface-active behaviours may serve as communicative signals 
with both acoustic and visual components depending on the context of use, water conditions and the 
nature of the signal itself.  
 
Humpback whales do not live in stable family groups as is seen with many odotocetes such as killer 
whales (Orcinus orca) (Ford et al. 2000). Although some evidence of stable associations between 
humpback whales, lasting up to a week or reoccurring over multiple weeks or seasons, has been 
recorded on feeding grounds (Weinrich 1991, Ramp et al. 2010), this species is not thought to form 
long-term associations during migration. In fact, apart from female/calf pairs, the majority of 
humpback whale associations are relatively short in duration (Andriolo et al. 2014). The evidence 
that I presented in Chapters 3 and 4 suggests that, at the Peregian Beach study site, one of most 
important social predictors of humpback whales’ behaviour was the composition of the focal group. 
This variable has been shown in other studies to also affect their movement behaviour. For 
example, non-singing whales swim faster than singing whales (Noad and Cato 2007), and females 
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accompanied by multiple escorts swim faster than females without escorts (Craig et al. 2014). 
Although the composition of the group was not found to be an important predictor of movement 
behaviour in this thesis (Chapter 4), it was important for surface-active behaviour variables 
(Chapter 3). Groups of whales spent different proportions of time in different behavioural states 
depending on their composition and groups containing unaccompanied female/calf pairs and 
multiple female/calf pairs were generally more surface-active than other group types (Chapters 3, 
5). Pectoral slapping has been found to be used by different age classes and sexes of humpback 
whales in different contexts (Deakos 2002, Dunlop et al. 2008). Male humpback whales tend to 
pectoral slap as they split from a group and females tend to use this behaviour within competitive 
groups (Deakos 2002). While my results showed that the occurrence of pectoral and fluke slapping 
increases during group interactions, it is unclear the specific role these behaviours play for 
individual whales, as data were collected at the level of the group. Therefore, it was not possible to 
determine whether particular individuals within a group, for example calves or escorting males, 
were driving the differences in behaviour observed between groups and during group interactions in 
this study. In addition, in order to understand the role of surface-active behaviours within these 
short-term associations, we need to know not only the sex and age class (whether they are calves, 
juveniles or adults) of the individuals carrying out the behaviours but also the distances over which 
these forms of communication can function. Understanding this will help clarify the roles of 
surface-active behaviours in eliciting and mediating group interactions between and within whale 
groups. 
 
This study was carried out over the peak of the southward humpback whale migration at Peregian 
Beach and there were usually multiple groups of whales in the area at any one time. I found that 
focal groups increased or decreased their use of specific surface-active behaviours depending on the 
proximity of the neighbouring groups in the area (Chapter 3). However, we do not know if focal 
whales were responding to the surface-active behaviours, or the vocalisations, of neighbouring 
groups, as has been proposed in other studies. For example, Whitehead (1985) suggested that the 
breaching behaviour of one group can cause other groups in the area to breach. Other studies found 
that humpback whales responded to recordings of conspecifics’ social vocalisations by changing 
their behaviour and approaching or avoiding the playback vessel (Tyack 1983, Dunlop et al. 2013). 
Although I found that the use of both breaching and fluke slapping behaviours by focal groups were 
influenced by the proximity of the nearest other whale group (Chapter 3), more research is needed 
to determine what factors focal groups were actually responding to. This could be achieved by 
carrying out playback experiments in which recordings of vocal sounds and sounds generated as a 
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result of surface-active behaviours are played to focal groups, to determine which stimulus 
consistently results in a behavioural response from the focal whales.  
 
The song of humpback whales is produced by males only and may function as a sexual display 
(Winn and Winn 1978, Tyack 1981b). Although song can be heard many kilometres from the 
source, it is not clear if or at what distances it may elicit a behavioural response from whales in the 
surrounding area. In this study site, whales were almost certainly able to hear singers within 10 km 
clearly (Dunlop et al. 2013). Two singer predictor variables were examined in my thesis, the 
distance to the nearest singer and number of singers within 10 km. I found that the proximity of the 
nearest singer was not an important factor in predicting the behaviour of focal humpback whale 
groups. The number of singers within 10 km was only important in predicting one of the nine 
behavioural variables measured in this thesis (pectoral slapping). My results suggest that, during the 
southward migration at least, groups generally do not respond to singers. In contrast, singing whales 
may respond to the presence of other groups. Research has shown that singers may use the sounds 
generated by surface-active behaviours to locate other groups of whales in the area (Noad 2002, 
Smith 2009). On breeding grounds, females with calves are thought to avoid contact with males in 
an attempt to prevent injury to their young claves in competitive groups, where multiple males 
compete for access to the female (Baker and Herman 1984). On migration, calves are generally 
older than on breeding grounds and may not be as vulnerable to injury. In addition, competitive 
groups of males are not seen as frequently on migration as on breeding grounds and the risk of 
attracting multiple males may be reduced during this time. However, singing males are still 
regularly heard during the southward migration, so future research should focus on examining how 
the behaviour of singers and groups containing singers may change in response to the presence or 
proximity of other whale groups. 
 
6.2.2 Effects of environmental factors on whales’ behaviour 
 
In this study, the environmental context of groups of humpback whales (wind speed and water 
depth) was the main predictor of their diving and movement behaviour. At Peregian, in general 
groups of whales were found to dive for longer and spend less time on the surface as water depth 
increased (Chapter 4). DTAG data suggested that whales travelled along or close to the bottom 
during dives (R. Dunlop, unpublished data), possibly to save energy, as power requirements for 
swimming increase in waters close to the surface (Hertel 1966 in Sumich 1983). The water depths 
at this study site ranged from less than 10 m to approximately 60 m, which is considered to be a 
shallow water environment. Generally speaking, sound propagation is poor near the surface due to 
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surface reflection interference (Urick 1983) and so whales may also be able to hear better at depth 
at least over shorter ranges. Groups, in this shallow water coastal site, may therefore travel close to 
the bottom to ensure their own vocal sounds propagate as successfully as possible to other whales in 
the area, as well as ensuring sounds from other vocalising whales were audible. However, more 
information on the sound speed profile of the study site is required before firm conclusions can be 
made. Alternatively, studies carried out at humpback whales’ breeding grounds have found that 
females with calves prefer shallow, sheltered waters and avoid turbulent, deeper waters, possibly in 
an attempt to minimise energy expenditure (Whitehead and Moore 1982, Smultea 1994). As water 
depth at this site was highly correlated with distance from shore (Chapter 3), groups containing 
females with calves may have travelled closer to the shore, in shallower water, and therefore 
displayed shorter dive times. Within the visual range of land-based observers at the Peregian Beach 
study site a cursory examination of the distribution of different types of whale groups did not find 
that groups with calves preferentially occurred in shallower waters (pers. obs.). As with other 
cetacean species, humpback whale calves may have a reduced physiological capability to dive 
compared to adult whales (Würsig et al. 1984, Papastavrou et al. 1989, Noren et al. 2004, Szabo 
and Duffus 2008) and may require longer at the surface to recover after dives. However, the depth 
range at the Peregian Beach site may not be broad enough for this effect to be evident in the results 
of this thesis.  
 
In this study, I also found that the behaviour of migrating humpback whales was influenced by a 
second environmental factor, wind speed. Groups of whales swam more slowly and maintained a 
less direct southerly course of travel as wind speed increased (Chapter 4). Increased wind speeds are 
associated with higher sea states and larger waves. Groups with young calves in particular, that 
spend proportionally more time at or near the surface, may struggle to maintain normal swimming 
speeds and a direct course of travel in the more turbulent water. Increased wind speed also causes 
increased levels of wind-dependent background noise in the ocean (Cato 1997). At this site, 
humpback whales have been shown to gradually switch from vocal signals to those generated by 
surface-active behaviour in windy weather (Dunlop et al. 2010). I also found that the occurrence of 
breaching and pectoral slapping increased with wind speed. This increased use of signals generated 
by surface-active behaviours may improve detection of vocal signals in a noisy environment 
(Dunlop et al. 2010). If it is more challenging for whales to hear specific acoustic communication 
signals in windy weather conditions it may also be difficult for them to hear other acoustic signals 
such as any that might be used as navigation queues. Allen (2013) suggested that humpback whales 
migrating close to shore may use the sounds produced by snapping shrimp to orientate themselves 
and navigate obstacles. Therefore, another possible reason humpback whales may swim more 
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slowly in windier weather conditions is that if it is more difficult to hear conspecific 
communications or navigational queues, whales may move more cautiously to avoid inadvertently 
approaching other groups or veering off a preferred course of travel. However, given the general 
lack of studies on how whales navigate and whether they use acoustic queues for this purpose, more 
research is needed to understand how weather conditions may impact their communication and 
navigation.  
 
One of the environmental factors that was not considered in this study was the influence of the time 
of day on the behaviour of the whales. On the Hawaiian humpback whale breeding grounds the 
rates of surface-active behaviours such as breaching and fluke slapping were found to peak at noon 
and this was associated with an increase in the sizes of pods that occurred across the day (Helweg 
and Herman 1994). Similarly, on Madagascan breeding grounds humpback whales were noted to 
use inshore waters in the early morning to rest and deeper waters during the day when engaging in 
competitive behaviours (Ersts and Rosenbaum 2003). At the Peregian Beach study site, wind speed 
often increases over the course of the day, specifically in the afternoon (pers. obs.) The observed 
changes in humpback whale behaviour I found in this study, that appear to be driven by wind 
conditions, may therefore also be related to the time of day. Similarly, the results of the Ersts and 
Rosenbaum (2003) study may have been due to diurnal variation in wind, rather than a temporal 
variable, once again illustrating the need to account for multiple predictors, and possible correlation 
between predictors, when linking a change in behaviour with causation. Although the time of day 
was not included in statistical models in this study due to constraints with model size and the 
number of predictor variables that could be included, future research should examine whether this 
environmental factor could also be an important predictor of behaviour at this study site. This 
information would help identify if there are particular times during the day when whales are more 
or less active and involved in biologically important behaviours such as socialising or resting.  
 
6.2.3 Effects of the composition of groups on whales’ behaviour and behavioural states  
 
As part of this thesis I quantitatively identified a set of behavioural states which represented the 
diverse surface-active and movement behaviour of these animals. The ‘social’ state identified was 
characterised by the occurrence of surface-active behaviours associated with group interactions and 
communication between groups (Chapter 3) as well as play in calves (Deakos 2002). Movement 
variables characterised the other behavioural states identified, although data were not available to 
allow ‘resting’ and ‘milling’ behaviour to be differentiated. Future research should investigate 
whether the behavioural states identified here are influenced by similar social and environmental 
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factors as those important in predicting the individual surface-active and diving and movement 
behaviours examined in this thesis.  
 
The general behaviour of groups of whales appears to be driven, at least partially, by the 
composition of focal groups (a combination of the type and number of whales in a group). Groups 
containing multiple female/calf pairs were generally more surface-active and spent longer at the 
surface than other group types (Chapters 3, 4) and therefore were considered to be the most ‘social’ 
of all the group types in this study (Chapter 5). Single female/calf pairs were also considered to be 
quite ‘social’ in their behaviour compared to other groups containing, for example, escorting whales 
(Chapter 5). Interestingly, when multiple escorts were present, these groups displayed shorter dives 
and maintained a more southerly course of travel compared to other group types (Chapter 4) and 
spent a large proportion of their time in the ‘fast travel’ behavioural state characterised by a 
relatively fast swimming speed (Chapter 5). This result was unexpected as the composition of these 
groups is associated with ‘competitive’ groups, who appear to change direction often during focal 
follows (pers. obs.) Other studies have found that ‘competitive’ groups are associated with fast 
swimming speeds and erratic movement (Tyack 1981a, Tyack and Whitehead 1983, Baker and 
Herman 1984, Weinrich 1995, Craig et al. 2014). However, the course south of these larger groups 
appeared to remain relatively straight over the 10 minute time bins they were measured and the 
composition of a group was not important in predicting course variation (Chapter 4), suggesting the 
behaviour of these groups was not consistent with ‘competitive’ behaviour. Further, swimming 
speed was not found to differ significantly between different types of groups (Chapter 4). The lack 
of significant differences in the movement behaviour of what are were thought to be ‘competitive’ 
groups was likely due to the relatively small sample size of these group types in my dataset and the 
fact that not all female/calf multiple escort groups focal followed may have been engaging in 
competitive behaviours. In general, I found different group types appear to behave differently 
depending on whether they contain multiple calves or multiple escorts. An increased sample size for 
group types associated with competitive behaviour, containing multiple female/calf pairs and those 
without calves would help clarify the importance of the composition of a group in driving the 
behaviour of humpback whales on migration. 
 
6.3 The importance of baseline data for understanding behaviour 
 
As the levels of shipping traffic, exploitation of natural resources and coastal development in the 
marine environment increase, marine animals are at a higher risk of exposure to anthropogenic 
disturbance. As a result, a portion of marine mammal research is dedicated to understanding the 
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effects of these disturbances. In some cases this is achieved by examining how animals’ behaviour 
may change in response to a disturbance. However, to clearly understand the effect of a disturbance, 
baseline data on the natural and undisturbed behaviour of the animals is also needed. This thesis 
was carried out as part of the baseline research for a large behavioural response study, the 
Behavioural Response of Australian Humpback whales to Seismic Surveys (BRAHSS) (Cato et al. 
2013). BRAHSS aims to understand how humpback whales respond to the noise generated by 
seismic surveys. These surveys are carried out by the oil and gas industry and involve the repetitive 
firing of an array of air guns which are towed behind a vessel (Cato et al. 2013). To achieve the 
goal of the BRAHSS project, an understanding of the natural and undisturbed behaviour of 
humpback whales is required. These baseline data will provide information on the normal range of 
behaviours of whales and their responses to naturally occurring factors. By identifying the social 
and environmental factors that may be simultaneously influencing the whales’ behaviour during an 
experiment, their responses to disturbance from seismic noise can be correctly identified and 
distinguished from responses to natural factors. In addition, the magnitude of any observed 
responses can be put into the context of the undisturbed, natural behaviour of migrating humpback 
whales and their responses to various natural influences in their social and physical environment.  
 
In my study, baseline data were collected from land-based platforms to ensure that natural 
behaviour was observed without disturbance from research vessels. The presence of vessels has 
been shown to change the behaviour of marine mammals (e.g. Corkeron 1995, Scheidat et al. 2004, 
Stamation et al. 2010); therefore, ‘true’ controls, in the absence of research vessels, are required to 
get a clear understanding of natural behaviour. Unfortunately, due to the difficulties associated with 
studying marine mammals in the wild, it is not always possible to collect such baseline data and in 
these cases the effect of the research vessel should be taken into account. My thesis identified many 
social and environmental factors that simultaneously influence the behaviour of humpback whales 
on migration (Chapters 3, 4). Along with the presence of a vessel, these factors should also be taken 
into account during any study that aims to investigate the effect of a disturbance on the behaviour of 
whales. For example, I showed that the occurrence of surface-active behaviour in humpback whales 
is influenced by the proximity of the nearest other whale group and that the duration of their dives 
increases as water depth increases (Chapters 3, 4). If the presence of conspecifics is not taken into 
account during a study that aims to determine if humpback whales respond to a disturbance, an 
increase or decrease in the occurrence of surface-active behaviours may be mistakenly attributed to 
the presence of the disturbance. Similarly, if the duration of a whale’s dive changes and the depth 
profile of a study site is unknown or not considered, this change could also be incorrectly attributed 
to a disturbance when in fact it may be due to a change in bathymetry as the whale moves over the 
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course of an experiment. Therefore, it is important that natural factors are accounted for in analyses 
when examining the effects of an anthropogenic disturbance. If these factors are omitted, observed 
changes in normal behaviour may be incorrectly attributed to a disturbance, resulting in ‘false 
positive’ results. 
 
Baseline data may also be used to place the results of disturbance studies into the context of the 
animals’ normal behaviour. The relative magnitude of any responses observed can be inferred by 
comparing a behavioural response to a disturbance to that of a naturally occurring factor. If the 
swimming speed of a group of whales increases as a response to a disturbance, the degree and 
duration of the change can be compared to a similar change in behaviour as a result of a naturally 
occurring factor. For example, female/calf groups on breeding grounds increase their swimming 
speed when accompanied by multiple males (Craig et al. 2014) and this would require an increased 
energy expenditure (Cartwright and Sullivan 2009). Similarly, it has been suggested that repetitive 
breaching behaviour may require large amounts of energy (Whitehead 1985), yet humpback whales 
regularly use this behaviour as part of their communication repertoire (Dunlop et al. 2008, Chapter 
3). If similar or greater levels of breaching behaviour or increases in swimming speed are elicited in 
response to a disturbance, there are potential energetic consequences for the individual.  
 
The magnitude of a response to a disturbance may be age or sex specific, may be related to the 
animal’s behaviour or to their motivational state at the time. By understanding the importance of a 
behaviour to a specific type of group, the potential consequences of disturbing animals while they 
are engaging in that behaviour can be estimated. For example, resting behaviour during migration 
may be used by whales to conserve energy stores during a time when the animals are generally 
fasting (Baraff et al. 1991). The individual energy requirements of animals may differ depending on 
factors such as whether or not a female is lactating. Consequently, disturbing a resting adult male 
may not be as detrimental as disturbing a resting mother who is simultaneously fasting and 
lactating, and who may already be energetically stressed. During migration behaviour associated 
with breeding has been observed and as animals have been fasting for prolonged periods their 
behaviour may be motivated by either a desire to mate or to return to feeding grounds as quickly as 
possible. Therefore, baseline data not only helps identify the behavioural responses of animals to 
disturbances but may also aid in calculating the relative magnitude of those responses. Furthermore, 
by determining if periods of important activity coincide with higher levels of anthropogenic 
disturbance, from sources such as vessel traffic, times during the day or periods in their lifecycle 
when whales are more vulnerable to negative impacts from disturbances may also be identified. 
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In general only short-term responses to noise and disturbance have been studied (Weilgart 2007). 
Some short-term disturbances, for example avoidance behaviour and abandonment of habitat, can 
be relatively easy to detect (Scheidat et al. 2004). However, the impact of short-term effects 
accumulated over the long-term are not well understood in any marine mammal. To assess the 
significance of increased disruption from anthropogenic sources, complex mathematical models of 
simulated behaviour have been carried out for some species (New et al. 2013).  Alternatively, 
baseline data, in the form of behavioural states, may be more biologically meaningful as it may be 
easier to infer longer-term consequences from these measures. In addition, the probability of 
animals switching between behavioural states, both when undisturbed and when exposed to a 
disturbance, can be examined using state-space modelling. However, before doing this, these 
behavioural states need to be identified, which was part of the focus of Chapter 5 of this thesis. 
Future research can now focus on determining if animals in particular states are more likely to 
change their behaviour when disturbed and inferring the long-term or population level 
consequences of such changes. 
 
6.4 Observer bias 
 
Collecting observational behavioural data on marine mammals can be problematic as these animals 
spend the majority of their time underwater and outside the visual range of researchers. Therefore, 
long periods of data collection may be required to obtain sufficient data and in many cases this 
entails large numbers of observers working either simultaneously or consecutively over multiple 
seasons or years. Additional problems occur when observers’ first languages differ and/or they have 
differing levels of experience collecting behavioural data. As a result, the accuracy of data and the 
consistency of data collection may be an issue and should be considered prior to analysis (Kaufman 
and Rosenthal 2009).  
 
To minimise the error potentially introduced into the data by observers, an intensive training period 
can be carried out prior to data collection, as in this study.  Despite this, some bias may remain and 
this should be identified prior to analysis of the data collected. Testing validity and reliability 
enables researchers to identify individual observers who may require additional training as well as 
specific behaviours in the ethogram that may require clarification or more detailed definition. 
Ideally, this observer testing should be carried out after an initial training period and prior to 
commencing data collection. The results of these tests would indicate if the training provided was 
sufficient to bring all observers, irrespective of first language and experience, to a similar level of 
competency. In addition, repeated periodical testing should be carried out throughout a study to 
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ensure that a high level of reliability was obtained after initial training and was maintained 
consistently over the course of the field season. This would also indicate if re-fresher training 
during the field season would be beneficial in maintaining this reliability. Unfortunately, this is 
rarely practical due to time constraints in the field. In this study, testing was carried out relatively 
early in the data collection period, though results could not be analysed until after the end of the 
field season. Although not ideal, this at least enabled the validity and reliability of the behavioural 
data collected to be examined, behaviours to be categorised to maximise the validity and reliability 
of the data and unreliable behaviours to be omitted from the analysis.  
 
Intra-observer reliability, which provides a measure of the reliability of individual observers over 
time, could not be measured in this study. Its estimation would have indicated whether the high 
level of reliability obtained here was maintained by each observer consistently over the course of 
the field season. Kaler et al. (2009) found that intra-observer reliability was high over a relatively 
short period of time in a study on the locomotion scoring scale for sheep. In my thesis, observers 
collected behavioural data for approximately five hours a day over seven weeks with no periods of 
greater than two days off from data collection. Therefore, I believe that observers maintained their 
high reliability throughout the data collection period as a result of these daily observations. 
Nevertheless, it is possible that observers’ data collection did not remain consistent over the course 
of the study period. 
 
6.5 Research limitations 
 
As with any study, the analyses, results and conclusions of my thesis are limited by several factors. 
Most notably, the sample size of focal follows from groups with different compositions was 
unbalanced. A large portion of my samples were from groups containing either a single female/calf 
pair only or a female/calf pair escorted by a single adult. In particular, the number of focal follows 
of lone whales (both singers and non-singers) and potential competitive groups (those containing a 
female/calf pair escorted by multiple adults) were low in my dataset. As all observations for my 
thesis were carried out from land, focal data collection was restricted to animals within 
approximately 10 to 15 km of the shore. A cursory examination of the locations of different types of 
whale groups throughout the Peregian Beach study site did not reveal a pattern to their distribution, 
at least within the visual range of the land-based observers (pers. obs.). However, segregation of 
whale groups may occur over a larger scale and so the groups available to land-based observers may 
be biased towards female/calf pairs and female/calf/escort groups.  
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In my thesis distance cut offs were used to minimise bias associated with the potential reduced 
sightability of some behaviours with distance (Chapters 3, 4). In addition, the variables chosen for 
the analysis in my thesis do not differ significantly when recorded from large distances (land-based 
observations) or close distances (vessel-based observations) (E. Godwin pers. comm.) indicating 
that the data used in my thesis were accurately recorded from land. Despite this, some bias may 
remain, in that particular surface behaviours may be more visible than others to land-based 
observers at different distances. In particular, the behaviour of lone whales may make them more 
challenging to spot and track from land-based locations. Singing whales can be difficult to track 
visually as they tend to surface less frequently than other types of whale groups and these surfacings 
are less predictable (pers. obs.). As a result, the behaviours of singers may be missed by observers 
and underrepresented in the dataset. Similarly, indistinct surface behaviours such as ‘nursing’ may 
be mistaken for ‘logging’ and behaviours carried out just below the surface of the water, such as 
those associated with competitive groups like ‘body impacts’ and ‘bubble blowing’, may be missed 
or unidentifiable from land. The absence of certain passive or indistinct behaviours from the dataset 
could have a knock on effect on the identification of behavioural states for this population of 
whales. In my thesis I used available behavioural event data to objectively identify behavioural 
states. As such, behavioural events not identified by land-based observers (for example body 
impacts, bubble blowing, nursing) could not be included in the analysis. Although conducting 
behavioural observations from land-based platforms eliminates the potential for disturbance from 
research vessels, less distinct behaviours and behavioural states more commonly seen from certain 
types of humpback whales groups may be missed.      
 
The primary objective of my thesis was to achieve an overview of the combined influence of social 
and environmental factors on the natural behaviour of migrating humpback whales. I chose mixed 
effect modelling to analyse these data as it provided the statistical power to examine multiple 
factors simultaneously and to account for repeated sampling of whale groups over time. Although 
useful for the broad-scale analysis I carried out for my thesis, the same model cannot 
simultaneously be used as a fine-scale analysis. For example, I found that in general the length of 
whales’ dives increased as water depth increased, and that single female/calf pairs had significantly 
longer dives than groups containing a female/calf pair with multiple escorts (Chapter 4). However, 
further analysis is need to clarify if this change in dive duration occurs across all types of groups 
and if the differences in dive duration between different types of groups applies at different water 
depths. Therefore, although this thesis provides general baseline data on the factors that influence 
the behaviour of humpback whales on migration, further analyses are required to understand how 
these factors apply to specific group types in specific social and environmental conditions. 
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Lastly, the data for my thesis were collected on a single population of humpback whales, from one 
site on the east coast of Australia, during two field seasons. In addition, data were only collected 
during the southward migration, when the migratory path of a large number of whales runs close to 
the coast at the Peregian Beach study site. The behaviour of this population of humpback whales 
may differ between their northward and southward migration as on the southward journey, many 
females are accompanied by young claves and behaviours similar to those seen at the breeding 
grounds have also been recorded (e.g. Brown and Corkeron 1995, Noad 2002, Smith et al. 2008). 
Therefore, the results of my thesis are specific to this population and location and the behaviour of 
east Australian humpback whales during their southward migration. 
 
6.6 Future directions 
 
For obvious reasons, large whales cannot be held in captivity and controlled experiments carried out 
to study their behaviour. Therefore, one of the few ways to determine the drivers of the behaviour 
of migrating humpback whales is by examining the contexts in which they occur (Whitehead 1985). 
I examined a relatively large number of social and environmental factors considered as potential 
predictors of humpback whale behaviour on migration. However, there are still a number of factors 
that may affect behaviour, as well as identified predictors that should be examined in more detail, 
and these are discussed below.  
 
As the natural behaviour of humpback whales was the focus of this study, focal follows were 
carried out from land-based platforms to remove the influence of a research vessel on the animals. 
Therefore, data collection was constrained to the level of the group and the influence of individuals 
could not be determined. As part of the BRAHSS project fine-scale focal follows were also carried 
out from small research vessels. These focal follows included information on the identity of 
individual whales and could be used to examine if their sex or age class influences their behaviour. 
As these data were collected from research vessels, tracking a group of whales for the duration of a 
focal follow, the effect of the presence of the vessel first needs to be examined to ensure natural 
behaviour was being sampled. This can be achieved by examining the behaviour of groups of 
whales that were tracked by land-based observers but approached by research vessels during the 
course of the focal follow. Using land-based data the natural behaviour of whale groups can be 
compared to their behaviour in the presence of a vessel. This will help determine if the behaviour of 
whale groups changes as a result of the approach or presence of a vessel. In addition, if a change is 
observed, whether or not whales return to ‘pre-approach’ or natural behaviour, and how long it 
takes them to do so, can also be investigated. This analysis is currently underway (M. Williamson 
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pers. comm.). Once the vessel focal follow analysis is completed, boat-based observations in which 
whales have been shown to return to natural behaviour could be used to examine in more detailed 
the behaviour of individual whales and how this behaviour varies depending on their sex and age 
class. 
 
I have shown that humpback whales use surface-active behaviours during periods when groups are 
involved in splitting from or joining with other groups. Understanding the role of the individual 
displaying these behaviours within group interactions is of particular interest. Deakos (2002) has 
already shown that on breeding grounds adult males use pectoral slapping to maintain 
non-antagonistic associations with other males as they split from a group. It would be interesting to 
examine if a similar situation occurs during migration and determine if males and females use these 
behaviours within group interactions for different purposes. The fine-scale focal follows discussed 
in the previous paragraph could be examined in conjunction with the social context data already 
available as part of this study to examine the use of these surface-active behaviours by individuals 
within group interactions. Determining the sex or age class of the whale using pectoral or fluke 
slapping to initiate or mediate the joining of or splitting of a group would provide more information 
on the functions of these behaviours and add to our understanding of the behaviour of migrating 
humpback whales. 
 
This study demonstrated that humpback whales change their behaviour in response to the presence 
of other groups of whales. To determine how focal groups respond to the behaviour of neighbouring 
groups, playback experiments should be carried out using the sounds generated by individual 
surface-active behaviours, i.e. breaches, fluke slaps and pectoral fin slaps, as the exposure stimuli. 
The results of such an experiment would increase our understanding of how whales respond to the 
behaviour of other groups and the functions of these surface-active behaviours. This research would 
follow on from work carried out at this site by Noad et al.(2006) and Dunlop et al. (2013), who 
investigated the responses of migrating humpback whales to playbacks of artificial tonal sounds and 
a recording of conspecifics’ social vocalisations. 
 
The results presented in this thesis add to the evidence that the surface-active behaviour of 
humpback whales is used for communication within and between groups. However, it is not known 
at what distances individual breaches, fluke and pectoral slaps can be heard and therefore what the 
potential communication range of each is. Dunlop et al. (2010) found that vocal social sounds and 
surface-active behaviour sounds travel similar distances, although they considered all surface-active 
behaviours together. The hydrophone array deployed as part of this study recorded the song of 
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humpback whales within the study site. The social sounds of these animals were also recorded by 
the array, although to a lesser extent, probably as song is audible over greater distances when 
compared to social sounds (Dunlop et al. 2013). To enable the social vocalisations and sounds 
generated by surface-active behaviour to be recorded with more accuracy and over the entire study 
area, a larger array of hydrophones positioned over a greater spatial area is needed. Using such an 
array to track the locations of the sounds would allow us to determine the distance over which the 
sounds from surface-active behaviours can be heard. This information would provide an 
understanding of the potential functional range of these behaviours and help assess their use as short 
or long-range communication signals.  
 
Only groups of whales that were subject to focal follows from land-based platforms, and those that 
were not approached by research vessels, were included in my analysis. As a result, I was only able 
to examine the surface behaviour of the whales along with the durations of their long dives and 
surface intervals. Without an understanding of what whales are doing when submerged it is difficult 
to determine exactly how or why their diving behaviour changes due to naturally occurring factors. 
The use of remote sensing tags such as DTAGs (Johnson and Tyack 2003), which provide 
information on animals’ movements while submerged, would enhance our understanding of 
underwater behaviour. DTAGs record information on an animal’s position in the water column and 
the pitch and roll of their body, while a hydrophone records the sounds produced by the tagged 
whale as well as those in close proximity. As part of the BRAHSS project DTAGs were deployed 
onto a subset of whales and this kind of detailed data would provide insight into how animals move 
once submerged, what portion of the water column they use when travelling, and if social behaviour 
is occurring out of sight of researchers. It may also provide an indication of if and how a whale’s 
swimming behaviour may change in windier weather. By understanding the underwater movements 
of humpback whales, and how they use the water column, we can better determine if and how noise 
pollution could have an effect on these animals. 
 
Although this thesis identified changes in behaviour due to social and environmental factors, how 
these changes translate into energetic costs is not well understood. Whitehead (1985) suggested that 
repetitive breaching may be energetically demanding, however the specific energy required to carry 
out these behaviours is not known. Similarly, the extra energy required for increased swimming 
speeds, dive durations and other surface-active behaviours remains unknown. The energetic costs of 
anthropogenic disturbances to minke whales (Balaenoptera acutorostrata) and killer whales have 
been examined by estimating changes in their energy budgets (Williams et al. 2006, Christiansen et 
al. 2013). These calculations were based on a reduced time spent foraging, and therefore a reduced 
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energy consumption, in the presence of disturbance. Generally speaking humpback whales do not 
feed during the majority of their migrations (Baraff et al. 1991) and so another method for 
estimating and quantifying the energy costs of changes in behaviour is required. Sumich (1983) 
used the relationship between breathing rates and swimming speeds to estimate the minimum 
energetic cost of travel for grey whales swimming at average migratory speeds. However, these 
estimates of energy expenditure were based on information on breathing rates, extrapolations of 
tidal lung volume and oxygen uptake measurements made on captive whales. While the travel 
speeds and respiration rates of migrating humpback whales are either known or could be measured, 
data on lung tidal volume and oxygen uptake are not currently available. For humpback whales this 
information would need to be extrapolated from the available grey whale data before calculations of 
the energy coasts of migratory travel, fast travel, resting and socialising behaviour could be 
estimated using this method. More recently, Christiansen et al. (2014) inferred energy expenditure 
by minke whales from their respiration rates using published bioenergetics models for the species 
and mass specific cost of transport estimations for different swimming speeds. This method could 
be adapted to make similar calculations for swimming humpback whales, though calculating the 
energy required for surface-active behaviours remains difficult. During migration humpback whales 
rely on the reserves of blubber they accumulated during the previous feeding season and may be 
vulnerable to energetic costs of disturbance (Scheidat et al. 2004). By calculating the energetic cost 
of normal behaviour the additional costs of changes in behaviour due to anthropogenic disturbance 
may also be estimated. 
 
6.7 Conclusions 
 
 My thesis provides previously unavailable baseline data on natural behaviour of humpback 
whales during their southward migration off the east coast of Australia. 
 
 My results highlight the complexity of humpback whale behaviour and showed that it is 
influenced by multiple social and environmental factors. Social factors were primarily 
important in predicting the occurrence of surface-active behaviours while environmental 
factors were more important in predicting how whales dived and moved through the study 
site. 
 
 The composition of groups was an important predictor of their behaviour and the proportion 
of time they spent in the behavioural states identified in my thesis. However, an increased 
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sample size of some group types and further research is needed to examine this in more 
detail.  
 
 Future research should focus on identifying other factors that may also influence the 
behaviour of humpback whales. In addition, investigating in more detail the role of 
individual whales within group interactions and the specific behaviours they use would 
further add to the results of this thesis in increasing our understanding of the function of 
these behaviours as part of the communication repertoire of humpback whales. 
 
 Baseline data, such as that presented here, was lacking for humpback whales during 
migration. These kind of data are important to studies that aim to determine the effects of 
anthropogenic disturbances on the behaviour of marine mammals for a numbers of reasons: 
to be able to correctly identify a behavioural change in response to a disturbance and to 
determine the magnitude and potential consequences of that change.  
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Appendix 1 
 
 
Behavioural Ethogram 
 
 
Asterisk (*) indicates behaviours appearing in the experimental footage used for observer testing in 
Chapter 2.  
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Behaviour Definition 
 
Blow* Visible plume of exhaled air and water vapour from the whale upon 
surfacing. 
 
Back*  
 
The dorsal surface / back of the whale is visible briefly at the surface of the 
water but a blow is not observed. 
 
Breach* Leap in which most or all of the whales body (> 60%) exits the water. The 
whale usually, but not always, twists in the air and lands on its dorsal or 
lateral aspect.  
 
Half Breach* Leap in which roughly half of the whale’s body exits the water. The whale 
usually, but not always, twists in the air and lands on its dorsal or lateral 
aspect. The whale can land directly onto its ventrum (a belly flop), but this 
is differentiated from a ‘head lunge’ by being predominantly vertical rather 
than having forward motion. 
 
Head Lunge Energetic forward motion where the whale appears to be attempting to 
‘porpoise’. A forward lunge of the head, with less than 40% of the body 
leaving the water. The angle to the water is < 45° resulting in more of a 
forward dive than a breach. The whale is lunging forwards but barely lifting 
out of the water.  
 
Pectoral Slap* The left or right pectoral fin is raised out of the water and forcibly slapped 
with its ventral surface against the water; the whale is usually positioned 
on its side. 
 
Inverted Pectoral 
Slap* 
The left or right pectoral fin is raised out of the water and forcibly slapped 
with the dorsal surface against the water; the whale is usually positioned on 
its back (i.e. belly up). 
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Behaviour Definition 
 
Bilateral Pectoral 
Slap* 
Both pectoral fins are raised out of the water and forcibly slapped with their 
dorsal surfaces against the water; the whale is positioned on its back. 
 
Pectoral Wave* The lifting of the pectoral fin clear of the water, without a violent slapping 
motion. 
 
Peduncle Slap* 
 
The entire fluke and peduncle is raised clear out of the water and forcibly 
slapped against the water surface, either ventrally or laterally; more 
energetic than a fluke slap. 
 
Peduncle Throw* The throwing of the entire fluke and peduncle out of the water in a lateral 
motion. No initial lifting from the water as in a peduncle or tail slap, just a 
single high scything motion; high energy behaviour. 
 
Fluke Slap* 
 
The fluke is raised out of the water and slapped ventrally against the water 
surface; less energetic than peduncle slap.  
 
Inverted Fluke 
Slap* 
Whilst the whale is belly up in the water, the fluke is lifted clear of the 
water and slapped, dorsal surface down, against the water’s surface. 
 
Fluke Wave* The lifting of the fluke clear of the water and waving around, without a 
violent slapping motion. 
 
Round out* A dive where the peduncle is arched upward out of the water but the flukes 
are not lifted from the water. Usually heralds a deep dive by the whale. 
Same as a ‘peduncle arch dive’ or a ‘high arch dive’. 
 
Fluke Down 
Dive* 
A dive where a peduncle arch is followed by the fluke lifted from the water 
as the whale dives, the fluke is not lifted far from the water, it remains 
parallel to the water and its ventral surface cannot be seen from behind. 
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Behaviour Definition 
 
Fluke Up Dive* A dive where a peduncle arch is followed by the fluke lifted from the water 
as the whale dives, the fluke is held vertically so that its ventral surface can 
be seen from behind. 
 
Surface Activity* An undetermined behaviour that resulted in a splash, usually recorded when 
the whale is far away. 
 
Spy Hop A vertical lifting of the head (usually exposing the entire rostrum and head) 
above the water surface. Usually a single low-energy bobbing motion. 
 
Sailing  
 
The whale is holds its fluke vertically out of the water, for extended periods 
of time, without slapping motions. 
 
Footprint 
 
Upwelling of water causing circular ripples on the surface caused by 
underwater upward fluke stroke.  
 
Logging* 
 
Where the whale is lying on the water’s surface with very little activity. 
Milling When the whale is moving slowly in various directions within a similar 
area. 
 
 
